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FOREWORD

This final report describing Lhe formulation of the Six-

Degree-of-Freedom Program to Optimize Simulated Trajectories

(6D POST) is provided in accordance with Part 3.0 of NASA Con-

tract NASI-14450. The report is presented in three volumes as

follows:

Volume I - 6D POST - Formulation _nual;

Volume II - 6D POST - Utilization _nual;

Volume III - 6D POST - Programmer's Manual.

This work was conducted under the direction of Mr. Richard Powell

of the Space Systems Division, National Aeronautics and Space

Administration, Langley Research Center.
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ABBREVIATIONS

SEVERAL ABBREVIATIONS ARE USED IN THIS DOCUMENT TO SPECIFY

THE UNITS OF THE INPUT AND _UTPUT VARIABLES. THIS SECIION
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I. SUMMARY

THE SIX DEGREE OF FREFDCM PROGRAM TO OPTIMIZE SIMULATED

TRAJECTORIES (6D P_STI IS A GENERALIZD 6Dt DISCRETE PARAMETER

TARGEIlNG AND OPIlMIZATION PRC)GRAM. POST PROVIDES THE CAPABILITY

TO IARGE1 AND OPTIMIZE 6D TRAJFCIDRIES FOR ASCENT OR REENTRY

VEHICLES (]PFRATING NEAR AN AR6ITRARY ROTATINGt OBLATE PLANET.

THE GENEQALIIY CF IHE PROGRAM IS EVIDENCED _Y ITS N-PHASE

SIMULATION CAPABILITY WHICH FEATURES GENERALIZED PLANET AND

VEHICLE MODELS.





2. INTRODUCIION
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IHE 6D PROGRAM TO DPTIMIZF SIMULATED TRAJECTORIES (bD POST)

WAS DEVFLDP_D TO PROVIDE THE CAPABILITY TO SIMULATE AND OPTIMIZE

ACCENT AN[_ REENTRY TRAJECIORIES FOR SHUTTLE 1YPE VEHICLES. HOWEVER,

THF GENERALITY CF THF PROGRAM ALSO ALLOWS VARIOUS {)IhER TYPES

OF VEHICLES TO BE SIMULATED.

THE PROGRAM WAS WRITTEN ACCORDING TO GUIDLINES DESIGNED

ID PROVIDF COMPLFIE GENERALIIY WHEREVER POSSIBLE WITHOUT

EACRIFICING COMPUTATIONAL SPEFD OR COMPUTER STORAGE. THE

GUIDELINES ADHERFD TO ARF -

1) C9MPttTER CORE SIZE OF APPROXIMATELY ]00000 OCTAL CELLS,

2) FORIPAN IV EXTENDED AND CFff4PA-(S ASSEMBLY LANGUAGES,

3) MINIMUM PROC4RAM EXECUTION lIME,

a) MODULAR PROGRAM CON;TRUCTION,

5] GENERALIZED ROUTINES TO ALLOW SIMULATION OF VARIOUS

TVFFS _ VEhICLEE,

6) GENERALITY F_ INPUT, OUTPUT, TARGETING AND STOPPING

VARIAFLES,
7) CCMPAIIBILIFY OF OPERATION ON BOIH 6500 AND 6000 CDC

COMPUTERS UNDER SCOPE 3.4.3 AND NOS ].] OPERAIING SYSTEMS

INFORMATION PERTINENT TO THE USER IS PRFSENTED IN THE

F_LLOWING SECIIf_NS F_ THIS REPORT. INCLUDED ARE DESCRIPTIONS

OF 1HE INPUT AND OUIPUT, A SAMPLE INPUT LISIING AND THE RESULTING

COMPUTEP RUN PRINTOUT.
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3. GENERAL INFORMATION

THIS SECTION DISCUSSES PROCEDURES FOP NEW USER_, THE INPUT

FORMAT_ THE HOLLERITH INPUT SYMBOLS, AND DEFINITIONS OF THE VARIOUS

COORDINATE SYSTEM USED IN THE PROGRAM.





3.A. PROCEDURES FOR NEW USERS
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THE FOLLOWING DISCUSSION GIVES THE STEPS TO BE TAKEN IN

FORMULATING A PROBLEM AS AN AID TO USERS WHO ARE NOT FAMILIAR

WITH THE PFOC, RAM INPU] PROCEDURE.

]! DETERMINE THE SEOUENCE OF EVFNTS WHICH WILL DESCRIBE

THE PROBLEM ACCORDING TC THE INSTRUCTIONS IN THE

SECTION ENTITLED EVENT CRITERIA/PHASE DEFINITION.

2) IF THIS IS NOT A TARGETING/OPTIMIZATION TYPE PROBLEM,

GO TO SIEP 3, OTHERWISE DEFINE TI_E CONTROL PARAMETERS,

TARGET CONDITIONS, INEQUALITY CONSTRAINTSt AND
_PTIMIZATICN INPUTS ACCORDING TO THE INSTRUCTIONS IN

TH _ SECTION ENTIILED TARGETING/_PTIMIZATIF)N INPUTS.

3} KET tiP TPF PROPER NAMELIST INPUT SFCWJFNCE (EXCLUDING

TAELES) ACCORDING TO THE SECTION ENTIILFD NAMELIST

INPUT SEQUENCE .

4) SPECIFY TPE APPR(_PRIAIF PARAMEIE_S IN THE FIRST PHASE

FRPM THE FOLLOWING SECTIONS -

A) EVENT CRITERIA/PHASE DEFINITION INPUTS

B) NUMERICAL INTEGRATION METHODS

C) INITIAL P_SITION AND VELOCITY

D) VEHICLE/PROPELLANT WEIGHT INPUTS

E) ME fHODS OF GUIDANCE (STEERING)

F) PRINT VARIABLE REQUESTS

G) ANY OTHER APPROPRIATE INPUTS FOR THE DESIRED

OPTIONS DESCRIBED IN THE SECTION ENTITLED GENERAL

SIMULATION OPTIONS.

5) DETERMINE THE TABLES TO BE INPUT (IF ANY) BASED ON THE

OPTIONS SELECTED IN STEP 4. INCLUDE THE APPROPRIATE

NAMELISTS FOR TAPLES AS REQUIRED ACCORDING TO THE

SECTION ENTITLED NAMELIST INPUT SEQUENCE.

61 DETERMINE THE INPUTS REQUIRED FOR PHASES AS IN STEPS 4

AND 5 ABOVE.

7) SET UP THE REQUIRED CONTROL CARDS ACCORDING TO THE

PROCEDURES DICTATED BY THE COMPUTER AND OPERATING

SYSTEM PEING USED.
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3.A. PROCEDURES FOR NEW USERS (CONTD)

91

CnMPARE THE RESULTING INPUT DECK WITH THAT IN THE

SECTION ENTITLED SAMPLE INPUT/OUTPUT TO ENSURE THAT

THE NAMELISTS ARE IN THE PROPER SEQUENCE, EIC,,

SUI_MI'I IHF JOB AND SEE WHETHER THERE ARE ANY INPUT

ERRP, RS OR IF THE DESIRED TRAJECTC_RY SEQUENCE WAS

Ct_IAINED. CORRECT ALL INPUT ERRORS AND RESUBMIT UNTIL

THE DESIRED RESULTS ARE OBTAINED.
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3.P,. NAMELIST INPUT FORMAT

ALL PR_RAM INPUTS ARE MADE USING THE NAMELIST INPUT

CAPABILITY.

1'hE NAMELIS1' INPUT FORMAT ALLOWS CARD COLUMNS 2 THRU 80 TO

PE USED FOR INPUT. FACH VARIABLE: INPUT MUST BE FOLLOWED BY A

COMMA BEFORE THE NEXT VARIAPLE IS INPUT. THE VARIABLES ARE INPUT

AS FOLLOWS -

NAMEI = VALUE|t NAME2 = VALUF2t ETC.

VAP, IABLE_ MAY BE INPUT ONE TO A CARD OR SFVERAL TO A CARD

DEPENDING ON USER PREFERENCE.

SUBSCRIPTED VARIABLES MAY BE INPUT AS AN ARRAY OR AS

INDIVIDUAL ELEMFNIS. THE FIRST ELEMENT OF THE ARRAY IS ASSUMED

IF Nil SU,_SCRIPT I_ PRESENT ON A SUBSCRIPTED INPUT VARIAELEo

THE FOLLOWING EXAMPLE SHOWS VARIOUS METHO[_S OF INPUT WHICH ARE

ALL E'_UIVALFNT -

EVENT = l-Or I-Ot

OR

FVENT(I) = 1.0_ EVENT(2I = l.Ot

OR

EVENT = l.Ct EVENT(2) = I.O_

IN GFNERALt DECIMAL POINTS SHOULD NOT BE USED WITH INTEGER

TYPE VAPIAPLES. IN ANY CASEt IF NO DECIMAL POIN1 IS INPUT FOR

A VARIABLE_ THE DECIMAL IS ASSUMED TO BE AFTER THE LAST DIGIT

FOR THAT VARIABLE. AS A RESULT_ IT IS BEST TO OMIT DECIMAL

POINTS FOR ALL VARIABLES UNLESS REQUIRED.
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3.B.I. NAMELIST INPUT ._EQUENCE

ALL VARIABLES RFQUIRED BY THE PROGRAM AS INPUT ARE INPUT

VIA NAMELISTF, ACCORDING TO THF TYPE OF INPUT BFING PROCESSED.

THE FOUR (4) NAMELISTS USED IN 1HE INPUT PROCESS ARE -

1) SEARCH -READ ONCE PER PROBLEM. IT CONTAINS ALL

INPUT REQUIRED FOR THE TARGETING/OPTIMIZ-

ALTON 9PTION PLUS ALL OTHER DATA CAPABLE

OF BEING INPUT ONLY ONCE PER PROBLEM, SUCH

AS CONVERSION CONSTANTSt ETC.

2) GENDAT - READ ONCE PER PHASE. IT CONTAINS'ALL

CONSTANT INPUT DATA REQUIRED TO DESCRIBE

THE CURRFNT PHASF. THFSF INPUTS DESCRIBE

SUCH THINGS AS THE PROGRAM CONTROLS TO BE

USED_ THE VEHICLE PHYSICAL CHARACTER-

ISTICS9 THE ATTITUDF CC_TROI LAW (GUID-

ANCE) TO BE USED, ETC.

3) TBLMLI - READ ONCE PER PNASE PROVIDED THE VALUE OF

THE VARIABLE ENDPHS IN NAMELIS] GENDAT IS

EQUAL TO ZERO. OIHFPWISE IT IS NOT READ

FOR THAT PHASE. IT CONTAINS ALL TABLE

MULTIPLIERS ASSOCIATED WITH THE TABLES

BEING INPUT. EVERY TABLE IN THE PROGRAM

HAS ITS OWN NffJMERIC TABLE MULTIPLIER.

NOTE - THIS NAMELIST MUST BE INPUT IN A

PHASE IF ANY TABLES ARE TO BE INPUT FOR

THAT PHASE EVEN IF THERE ARE NO TABLE

MULTIPLIERS TO BE INPUT. THIS NAMELIST

IS INPUT AFTER MAMELIST GENDAT.

4l TA_ - READ ONCE PER TABLE FOR EACH PHASE

PROVIDED THE VALUE OF THE VARIABLE ENDPHS

IN TBLMLI IS EQUAL TO ZERO IN THAT PHASE.

OTHERWISE IT IS NOT READ FOR THAT PHASE.

NOTE - IF TABLES ARE TO BE INPUT IN A

PHASE, THE NAMELIST TBLMLT MUST BE INPUT

IMMEDIATELY FOLLOWING NAMELIS1 GENDAT FOR

THAT PHASE. THE TABLES ARE THEN INPUT IN

NAMELIST TAB WITH AN INPUT OF NAMELIST

TAB REQUIRED FOR EACH TABLE BEING INPUT.
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3._•I. NAMELIST INPUT SEOUFNCE |CONTD)

THE SEQUENCE IN WHICH THE NAMELISTS ARE INPUT IS ALWAYS

THE _AM_" A_ FAR AS NAMELI_TS ._EARCH AN_ GFNDAI ARE CONCERNED•

NAMFLIST SEARCH IS THE FIRST 10 BE INPUT FOR A GIVEN PROBLEM

FOLLOWED BY AN INPUT OF NAMELIST GENDAT FOR EACH PHASE OF

THE PROBLFM. THE OTHER NAMFLISTS (TBLMLT AND TAB) ARE ONLY

PFQUIRED IN A GIVEN PHASE IF TABLES OR TABLE MULTIPLIERS ARE

TO BE INPUT FOR THAT PHASE. IF THE VARIABLE ENDPHS IS NOT INPUT

IN NAMELIST CENDAI FOR A GIVEN PHASE_ NAMELIST TBLMLT MUST THEN

P,E INPUT FOR THAT PHASE IMMEDIATELY AFTER NAMELIST GENDAT.

FURTHER, IF IHE VARIABLE ENDPHS IS NOT INPUT IN NAMELIST TBLMLT

,;_ INPUT OF NAMELIST TAB MUST BE MADE FOR EACH TABLE BEING INPUT.

1HE LAST NAMELISI IAF_ THEN MUST CONTAIN THE VARIABLE ENDPHS=I.

NAMFLIST GENDAT IS THEN INPUT FOR THE NEXT PHASE UNLESS THE

VARIABLE ENDPRB:] IS INPUT IN THAT PHASE. IN THIS CASE_

NAMELIST SEARCH IR THEN INPUT FOR THE NEXT PROBLEM.

AN EXAMPLE OF THE NAMELIST INPUT SEOUENCF IS SHOWN BELOW FOR

A lYRICAL PROFLFM WHICH CONTAINS TWO PHASFS• NOTICE THAT THERE

ARE THREE EVFNTS REC_JIRED TO SIMULATE A TWO PHASE PROBLEM SINCE

AN FVENT BEG]NS THE CORRESPONDING PHASE•

P$SEARCH

o

$

P$GENDAT

o

$

P$TBLMLT

$

P$TAP

o

$

INPUT DATA FOR SEARCH/OPTIMIZATION

|REQUIRED ONLY ONCE PEP PROBLEM)

GENERAL INPUT DATA FOR THE FIRST PHASE. INPUT

THE VARIABLE EVENT(I)=I.O, IN THIS NAMELIST.

TABLE MULTIPLIERS FOR THE FIRST PHASE. THIS

NAMELIST MUST BE INPUT SINCE TABLES ARE BEING

INPUT IN THIS PHASE EVEN THOUGH TF_RE MAY NN3T BE

ANY MULTIPLIERS INPUT FOR THI¢_ PHASE•

TAeLE INPUT DATA FOR THE FIRST TABLE BEING INPUT

FOR THIS PHASE.
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3.P.I. NAMELIST INPUT SEOUENC_ (CON'IID)

P$TAB

e

$

P$GFNDAT

e

$

PSGFNt_ AI

o

$

TAPLF INPUT DATA FOR THE SECOND 1ABLE BEING

INPUT FOR THIS PHASE• ASSUME THAT THIS IS THE

LASI TABLE TO BE INPU1 FOR IHIS PHASE. IN THIS

CASE, THE VARIABLE _NDPHS=I, WOULD BE INPUT IN

THIS NAMELIST.

GENERAL INPUT DATA FOP THE SECOND PHASE. ASSUME

1HA1 THERE ARE NO NEW TAffLFS TO PF INPUT FOR

IbIS PHASF. IN IHI_ CA__F, THF VARIABLE ENDPHS=I,

W(_ULD BE INPUT IN THI_ NAMFLI_I.

GENERAL INPUT DATA FOR "/HE THIRD PHASE. ASSUME

THAT THIS IS ./HE LAST PHASE OF A SINGLE RUN JOB.

IN THIS CASE, ENDPHS=I, FNDPRP=It AND END.IOB=It

WC'ULD BE INPUT IN THIS NAMFLI_T.
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3.C. HOLLERITH I_PUT SYMBOLS

CERTAIN INPUT VARIABLES ARE USED WHICH REFER TO AN ALPHA-

NUMERIC (MNEMONIC) NAME OF A VARIABLE. IN THESE INSTANCES THE

HOLLERITH (BCD) NAME OF A VARIABLE BECOMES AN INPUT VALUE. ALL

HOLLERITH (BCD) TYPE INPUT VARIABLES ARE INPUT AS FOLLOWS -

NAME| = NHVALUE,

WHERE t N IS THE NUMPER OF LETTERS IN VALUE AND VALUE IS THE

NAME OF THE VARIABLE BEING SPECIFIED. FOR EXAMPLEt IF THE

f)PTIMIZATION VARIABLE IS DESIRED TO BE CROSSRANGEt THE INPUT

FOR OPTVAR WOULD _E -

OPTV_ = 5HCRRNG,

WHFPE CRRNG IS THE HOLLERITH NAME ASSOCIATED WITH CROSSRANGE IN

THE PROGRAM.

ALL HOLLERITH NAMES FOR INPUT VARIABLES ARE THE SAME AS

THE NAMELIST INPUT SYMBOLS EXCEP_ FOR VARIABLES THAT ARE SUB-

SCRIPTED. ALL HOLLERITH NAMES OF INTERNALLY COMPUTED VARIABLES

ARE THE SAME AS THEIR OUTPUT SYMBOLS.

THE HOLLERITH NAMES OF SUBSCRIPTED INPUT VARIABLES ARE -

HOLLERITH

NAME

NAMELIS_

INPUT

SYMBOL

DTIMRJ

J=I ,4

DEPI

I=I,15

DEYI

I:l,15

DEPOT

I=I,15

DEYDI

I=l,15

ETAPCI

I=1,6

DTIMR(J)

J=1,4

DEP(I)

I:1,15

DEY(I)

I=l,15

DEPO(I}

I=I,15

DEYOtI)

1=1,15

ETAPC(1)

I=l,4
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HOLLERITH INPUT
=

=--- == _ =_-" .,- =_--- _ .-..

SYMBOLS (CONID)

HOLLF RITH

NAME

NAMFLIST

INPUT

SYMBOL

FREFLI

I=I,3

CINTJ

J=l,IO

CXPI

GYPI

GZPI

I=I,15

KPDPI

I=I,15

KRDPI

I=1,15

KRDYI

I:I,15

KYD¥1

1=1,15

SPECIJ

J=l,9

IIMRFJ

J=l,4

VX I

VYI

VZI

XI

YI

ZI

FRFFL (I)

I=I,3

GINT(J)

J=1,10

GXP(I)

GYP(I)

GZP(I)

I=l,15

KPDP(I)

1=1,15

KRDP(1)

I=1,15

KRDY{I)

1=1,15

KYDY(1)

1=1,15

SPECItJ)

J=l,9

TIMRF(J)

J=l,4

VXI{I)
VXI[2)

VXI{3)

XIll)

XI(2)

XI(3)
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3.D. COORDINATE SYSI EMS

THE C_ORDINATE SYSTEMS USED IN THE PROGRAM ARE DEFINED AS

FOLLOWS -

(I) EARTH CENTERED INERIIAL (ECI) AXES (XI,YItZI). THIS

SYSTEM IS AN EARIH CENTEREDt CARTESIAN SYSTEM WITH ZI COIN-

CIDENT WITH THE NORTH POLE, XI COINCIOFNT WITH THE GREENWICH

MERIDIAN AT lIME ZERO AND IN THE EOUATORIAL PLANEt AND YI

COMPLETING A RIGHT-HAND SYSTEM. THE TRANSLATIONAL EQUATIONS

OF MOTION ARE SOLVED WITH RESPECT TO IHIS SYSTEM.

(2) EARTH CENTERED ROTATING (ECR) AXES (XR,YR,ZR). THIS

SYSTEM IS SIMILAR I0 THE ECI SYSTEM EXCEPT THAI IT ROTATES WITH

THE EARTH SUCH THAT XR IS ALWAYS COINCIDENT WITH THE GREENWICH

MEP ID IAN.

(3| EARTH POSITION COORDINATES. THESE ARE THE FAMILIAR

LATITUDF, LONGITUDE, AND AZIMUTH PARAMETERS. LATITUDE IS

MEASURED POSIIIVE IN THE NORTHERN HEMIRPHFRE. LONGITUDE IS

MEASURED POSITIVE EAST OF GREENWICH. AZIMUTH IS MEASURED

POSITIVE CLOCKWISE FROM TRUE NORTH, I.F., FRrIM NCIRTH 10 EAST.

(4) INERTIAL LAUNCH (L) AXES (XLtYLtZL). THIS IS AN

INERTIAL CARTESIAN SYSTEM WHICH IS USED A_ AN INERTIAL REFERENCE

FROM WHICH THE INERTIAL ATTITUDE ANGLES OF THE VEHICLE ARE

MEASURED. THIS COORDINATE SYSTEM IS AUTOMATICALLY LOCATED AT

THE GEODETIC LAlITUDE AND INERTIAL LONGITUDE DF THE VEHICLE AT

THE _EGINNING OF THE SIMULATION UNLESS OVERRIDDEN BY USER INPUT

OF LATL AND LONL. THE AZIMUTH ANGLE AZL IS ZERO UNLESS OVER-

RIDDEN BY USER INPUT. THE ORIENTATION OF THIS SYSTEM IS SUCH

THAT XL IS ALONG THE POSITIVE RADIUS VECTOR IF LATL IS INPUT AS

GEOCENTRIC LATITUDE, OR ALONG THE LOCAL VERTICAL IF LATL IS NOT

INPUT OR IS INPUT AS THE GEODETIC LATITUDEt ZL IS IN THE LOCAL

HORIZONTAL PLANE AND IS DIRECTED ALONG THE AZIMUTH SPECIFIED BY

AZL, AND YL COMPLETES A RIGHT-HAND SYSTEM. THIS SYSTEM IS

INTENDED FOR USE IN SIMULATING ASCENT PROBLEMS FOR LAUNCH

VEHICLES WHICH USE EITHER INERTIAL PLATFORM C_ STRAPDOWN TYPE

ANGULAR COMMANDS. THE INERTIAL ANGLES {R_LI, YAWI, AND PITI)

ARE ALWAYS MEASURED WITH RESPECT TO THIS SYSTTM AND ARE AUTO-

MATICALLY COMPUTED REGARDLESS OF THE STEERING OPTION (IGUID)
PEING USED.
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3.D. COORDINATE SYSTEMS (CONTD)

(5) GEOGRAPHIC (G) AXES [XGIYG,ZG). THIS SYSTEM IS LOCATED

AT IHE SURFACE OF THE PLANET AT THE CURRENT VEHICLE GEOCENTRIC

LATITUOE AND LNNGITUOE. THE XG AXIS IS IN THE LOCAL HORIZONTAL

PLANF AND POINTS NORTH, THE YG AXIS IS IN THE. LOCAL HORIZONTAL

PLANE AND POINTS EASI, AND ZG COMPLETES A RIGHT-HAND SYSTEM.

THIS SYSIEM IS USED TO CALCULATE PARAMETERS ASSOCIATED WITH

AZIMUTH AND ELEVATILTN ANGLES.

(O) PODY (I_) AXES (Xt_gYB,ZB). THE BPDY AXES ARE A RIGHT-

HAND CARTESIAN SYSTEM ALIGNED WITH THE AXES OF THE VEHICLE AND

CENTERED AT THF VFHICLE CENTER-OF-GRAVITY. THE XB AXIS IS

DIRECTED FORWARD ALONG THE LONGITUDINAL AXIS OF THE VEHICLE,

YB POINTS RIGHT (OUT THE RIGHT WING), AND ZB POINTS DOWNWARD

COMPLETING A RIGHT-HA_N) SYSTEM. ALL AFRODYNAMIC AND THRUST

FORCES ARE CALCULATFD IN THE BODY SYSIFM. THESE FORCES ARE

THEN TRANSFCRMED TO THE INERTIAL (I) SYSTEM WHERE THEY ARE

COMBINED WIIH THE GRAVITAIIONAL FDRCF5.

(7) B_D¥ REFERENCE |BR) AXES (XBR,YBRtZ[iR). THE BODY

PEFERENCF SYSTEM IS A RIGHT-HAND CARTESIAN SYSTEM ALIGNED WITH

THF PODY AXE- _ AS FOLLOWS. THE XBR AXI_ IS DIRECTED ALONG

THE NEGATIVE XB AXIS, THE YBR AXIS IS DIRFCIED ALONG THE

POSITIVE YB AXIS, ANO THE ZBR AXIS IS DIRECIFD ALONG THE

NEGATIVE ZB AXIS. THIS SYSTEM IS USFD TO LOCATE THE VEHICLE

CFNTER-OF-GPAVITY, AERODYNAMIC REFERENCE AND ENGINE GIMBAL

LOCAT IO/vS.

(B) ORBITAL ELEMENTS. THIS IS A NON-RECTANC-4JLAR COORDINATE

SYSTEM USED IN DESCRIBING ORBITAL MOIIDN. THE ORBITAL ELEMENTS

ARE APOGEE ALTITUDE, PERIGEE ALTITUDE, INCLINATI_, LONGITUDE

OF THE A.CCENDING NNDE, TRUE ANOMALY_ AND ARGUMENT OF PERIGEE.

"IHE APOGEE AND PERIGEE ALTITUDES REPLACE THE STANDARD ORBI'/AL

ELE.MENTS SEMTMAJOR AXIS AND ECCENTRICITY.
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3.E. VEHICLE ATTITUDE ANGLFS/RATES

THE PROGRAM CALCULATES THE VEHICLE ATTITUDE WITH RESPECT

TC SEVEPAL COCPDINATE SYSTEMS. THESE ATTITUDE ANGLES ARE

DEFINED AS FOLLOWS -

I) AERODYNAMIC ANGLES. THESE Ah_LE$ DEFINE IHE VEHICLE

OR IENTA!ION WITH RESPECT TO T_E ATM(_SPHERIC RELATIVE

VELOCITY VFCTOR. THF._F ANGLF_ APE USED TO CALCULATE

THF AERODYNAMIC FOR[ES AND Mf_MFN_S ACTING ON THE

VEHICLE. THE AERODYNAMIC ANGLES ARE DEFINED AS FOLLOWS -

ALPHA - ANGLE OF ATTACK. POSITIVE ALPHA I,S NOSE UP
(ABOVF THE ATMOSPHERIC RELATIVE VELOCITY

VECTOR) WHFN FLYING THE VEHICLE UPRIGHT {BANK

ANGLE P,ETWEEN -90 DFG AND +90 DEG).

{THIRD RULER ROTATIt,_ ABOUT THE SIABILITY

(VELOCITY) AXES)

BETA -ANGLE OF SIDESLIP. PO_:ITIVF BETA IS NOSE

LEFT WHEN FI.Y_NG THE VFHICLF UPRIGHT°

(SECOND EULER _PTATION APOLIT THE STABILITY

(VELOCITY) AXES)

BNKANG - BANK ANGLE. POSITIVE _NKANG IS A BANK I0 IHE

RIC.HT9 I.E..t RIGHT WINC DOWN.

(FIRST EULER ROTATION ABOUT THE STABILITY

(VELOCITY) AXES i

2) INERTIAL EULER ANGLE._° THESE ANF_LE£, DEFINE THE VEHICLE

CRIFNTATION WITH RESPECT TO THE LAUNCH (L) INERTIAL

COORDINATE SYSTEM. THESE _Nf:LES ARF DEFINED AS FOLLOWS -

R_LI - INERtiAL ROLL t_!4GIf!,, THiS IS THE ROLL ANGLE

{FIRST EULER ROTATION) _.ITH RESPECT TO THE

L COORDINATE SVSTEM.

YAWI - INERTIAL YAW ANGLE. THIS IS THE YAW ANGLE

{SECOND EULER ROTATION) WITH RESPECT "_0 THE

L COORDINATE SYSTEM.

PITI - INERTIAL PITCH ANGLE° THIS IS THE PIICH ANGLE

{IHIRD EULER ROTA'T_ON) WITH RESPECT TO THE

L CDORDINATE SYSTEM.
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3.E • VEHICLE ATTIIUDE ANGLES/RATES (CONTDI

3)

4.)

RELATIVE EUt_ER ANGLES• THESE ANGLES PROVIDE THE

VEHICLE ORIENTATION WITH RESPECT TO THE LOCAL HORIZONTAL
COt'_DINATE SYSTEM. THE LOCAL HORIZONTAL PLANE IS DEFINED

TO BE PERPENDICULAR TO THE RADIUS VECTOR• THESE ANGLES

ARE DEFINED PY A YAWL PITCH AND ROLL SEQUENCE.,

THESE ANGLF_ ARE DEFINED AS FOLLOWS -

YAWR - RELATIVE YAW ANGLE,, THIS IS THE AZIMUTH ANGLE

OF THE XP AXIS MEASURED CLOCKWISE FROM

NORTH. THAT IS_ FRON NORTH TO EAST.

(FIRST EULFR POTATION ABOUT THE GEOGRAPHIC

(G) COORDINATE TYSTEM}

PITR - RELATIVE PITCH ANGLE. THIS IS THE ELEVATION

ANGLE OF THE XB AXIS ABOVE THE LOCAL HORIZON-

TAL PLANE. PITR IS POSITIVE WHEN XB IS ABOVE
THE LOCAL HORIZPNTAL AND RANGES FROM --90 DEG

TO +qO DEG. WHEN PITCHING THE VEHICLE
THROUGH + OR - 90 DEGv I"_E AZIMUTH ANGLE

(YAWR) WILL GO THROIIGH A 1P,O DEG

D I SCONTINUITY.
(SECOND EULER ROTATION ABOUT THE GEOGRAPHIC

(G} COORDINATE SY_TFM)

ROLR - RELATIVE ROLL ANGLE. THIS IS THE ROLL ANGLE

ABOUT THE XB AXIS IN THE RIGHT.AND SENSE.

ZERO ROLL IMPLIES THAT THE YB AXIS IS IN THE

LOCAL HORIZONTAL PLANE.

(THIRD EULER ROTATION ABOUT THE GEOGRAPHIC

(G) COORDINATE SYSTEM)

INERTIAL AERODYNAMIC ANGLES. THESE ANGLES ARE DEFINED

IN EXACTLY THE SAME MANNER AS THE AERODYNAMIC ANGLES

EXCEPT THAT THEY ARE MEASURED WITH RESPECT TO THE INERTIAL

VELOCITY VECTOR. THESE ANGLES ARE DEFINED AS FOLLOWS --

ALPHI - INERTIAL ANGLE OF ATTACK. POSITIVE ALPHA

IS NOSE UP (ABOVE THE INERTIAL VELOCITY

VECTOR} WHEN FLYING THE VEHICLE UPRIGHT

(PANKI BETWEEN -90 DEG AND +90 DEG).

BETAI - INERTIAL ANGLE OF SIDESLIP. POSITIVE BETAI

IS NOSE LFFT WHEN FLYING THE VEHICLE UPRIGHT.

BANKI - INERTIAL BANK ANGLE. POSITIVE BANKI IS A

BANK TO THE RIGHT WHEN FLYING THE VEHICLE

UPRIGHT.
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3DE. VEHICLE ATTITUDE ANGLESIRATFS (CONTD)

1HE PPOGRAM CALCUI_ATES IHE VEHICLE BODY ATTIIUDE BY INTEGRATING

_I_E UUATE_NIE_N RATE E_UATIONS. THE _ESULTINC OIIATERNION ELEMENTS

ARE THEN USED TO DEFINE THE TRANSFORMATION MATRIX BETWEEN THE

I_ERTIAL L-FRAME AND THE BC)DY FRAME.

THE INERTIAL _CI_Y RATES ARE DEFINE AS -

ROLBD - ROLL _ODY PATE. THE AN_UI,.AR RATE A_f]lJT THE

XB-AXIS IN DEG/SEC.

PITPD - PITCH ,_ODY RATE. THE _NC, ULAR RATE ABOU1 T_IE

YB-AXIS IN DEG/SEC.

YAWBD - YAW BODY RATE. THE ANGULAR RAIE ABflUT THE

ZB-AXIS IN DEG/SFC.

THE NON-DIMENSIONAL BODY RATES CALCULATED FOR USE AS

AEnODYNAMIC TABLE MNEMONIC MULTIPLIERS ARE DEFINED AS -

PND - NON-DIMENSIONAL ROLL RATE

PND = ROLBDR*DREFR/(2.*VELA)

OND -NON-DIMENSIONAL PITCH QATE

OND = PITBDR*DREFP/(2.WrVELA)

RND - NON-DIMENSIONAL YAW RATE

RND = YAWBDR*DRF_YI(2.*VELA)

_-IHERE ROLBDR, PIT,DR AND YAWBDR ARE THE VEHICLE ROLLv PITCH AMD

YAW RATES IN RADIAN_t DREFR_ DREFP AND DREFY ARE THE AERDDYNIr.IK

.r.:EFERFNCE DIAMETFR,_ IN ROLL, PITCH AND YAW AN_'_ VELA IS THE VFHIC_.E

VF.LOCITY RELATIVE T_ THE ATMOSPMERE.
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&. OPERATIONAL C_NTR_LS

THF INPUT_ _, ASSOCIATED WITH GENERAL PROGRAM OPTIONS ARE

DISCUSSFD IN THIS SECTION. THE_E OPTIONS CONCEPN THE TYPE

OF INPUT AND OLFIPUT UNITS TO BE USED AND THE MULIFIPLE RUN

FEATLIR_ _ OF ThE PROGPAM.
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INPLIT/OUTPUT CONVFRSION FAEIORS

IHE PROGRAM HAS THE CAPABILITY TD ACCEPT I:_PUI IN EIIHER

EN(LI__H _P METRI( UNIIS. THE ONLY RE._TRICTICN "_FIN6 1HAT THE

INPUT U_IT._ CANNPT _E MIXED. THE [_UTPUT VARIABLES CAN ALSO 5E

PRINTED IN EIIHFR ENGLISH OR MEIRIC UNITS, Ptll "..lOT POTH.

THE PROGRAM ALSO HAS THE CAPAPIt _TY "F[_ FRINT THE TABLE

DATA PEINC, U_ED PY THE PROGRAM. THIS FEAIUR[ ]_ USEFUL IN IHA1

INPItT ERROPS IN !HE IABLE F_RMA1 ARE EASILY DET_CIE[; PY READING

THIS P_INTOUI.

ALL OF THE ENGLISH TO METRIC CONVERSION CfNSTANTS CAN BE

CHANGED Ry INPUT IF DESIRED. THE STFIPED VALUES CF THESE CON-

STANIS WERE [EIAINED FRE M THE ECLLOWINC DCCUME_T -

TF_E INTERNATICNAL SYSTFM (_F UNI1 _

PHYSICAL CONS_ANIS AND FDNVFRSIf'N FA(TORS

F. A. MECHILY, MARSHALL FLIGHT (FNTER

NASA SP-7012t I96 z4

CARE MU-_X BE TAKEN WHEN USIN6 METPIC SY-_lrFM INPUT AND

OUIPUT. THE INPUT UNITS MUST BF OF THP SAME T_PE AS THE ENGLISH

UNIT. ( . FOR FXAMPLE, VALUES FOR WEIGHTS MUS1 BE INPUT IN UNIIS

f!F FOPC__ (NEW)DNS) RATHER THAN MASS (KG). VARIABLES OUIPUI IN

NAUTICAL MILFS IN FNGLISH UNIIS WILL P[ KILOMEIERS IN METRIC.

ALL VARIABLES ASSOCIAIED WIIH THE INPUI/PUTPUT UNITS ARE

INPUT I__ NAMFLI._I ._FARCH AND ARF AS FPLL[;WS -

INPUT STOR ED

SYMBOL UNITE VALUE DEE INITIflN

CDENS

CFORCE

(.HEAT

CHASE

SLtlGS/FT3 .O01Q40

PER 3]965

KG/M3

ATMOSPHERIC DENSIIY CONVERSION

CPNSTANT.

NTILE _.4_8221b FORCE (THRUST AND AERODYNAMIC)

152605 CONVERSION £ONS3ANT.

JCULES/

BTU

1054.3502 AEROHEATING CONVERSION CONSIANT,

6448888

KGISLUG I4.5939

02Q

MASS CONVER-_ION _ONSTANI.
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4.A. ] .PUT/OUTPUT CONVERSION FACTORS (CONTD)

INPUT STO R ED

._,YMBO L UNITS VALUE

CMPFT M/F T .30 48

CREES LES/FT2 .020BB

PER 54347

NT/CM2

CTFMP DFG F 1.8

PFP

DEG C

FIPNM FT/NM

ICE LAG INTEGF_

IprO INTFGER

LISTIN INIEGE_

DEFINITION
h

LENGTH C_NVFRSTON CONSTANT.

AIMOSPH[RIC pPESSttRE CONVERSION

CONSIANI.

ATMOSPHERIC TEMPERATURE CONVERSION

CONSTANT.

bO76.]lE5 DISTANCF CONVERSION CONSTANT.

INPUT/OUTPUT UNIIS FLAG.

= O, ENGLISHIEh_LISH

= ]1, ENGLTSH/MFTPIC

= 2v MEIRIC /FNGLISH

= 3, METRIC /MrTRIC

0 CONTROLS PRINT OUT OF TRAJECTORIES

DURING TARGET|NG/OPTIMIZATION-

=-I, ONLY P_INT THE FINAL TRAJ-

ECTORY GENERATED DURING

TARGETING/OR TIMIZATION.

= O, SAME AS -I, AND FIRST NOMINAL

= |t SAME AS -it AND ALL NOMINALS

- 2, PRINT ALL TRAJECTORIES

(NOMINAIS, PERTURBED, AND

TRIAL ST_'P5 )

2 CONTROLS SUMMARY-OF-INPUT PRINTOUT

=-I_ NO SUMMARY.

= Ot TABLE SUMMARY ONLY.

= It IABLE AND NAMELIST SUMMARY.

= 2t NAMELIST SUMMARY ONIY.
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MULTIPLE P,UNS
o

THE PROGRAM HAS "THE CAPABILITY TC PERFORM MULIIPLE RUNS.,

THE WORD RUN IS THE SAME AS ThE WORD PROI_LEM INSOFAR AS THE

PROGRAM IS CONCERNED. THE RUN NUMBER_ ARF ASSIGNED AS INTEGERS

_Y THE PRf_GRAM bFGINNING WIIH NUMBER ONE |I ) ACCORDING TO THE

CRDEQ IR WHICH THE ]NPUIS FOR 1HE RUN. c ARF APRANGED IN THE DATA

DECK.

WHEN RUNNING NON-SEARCH/OPTIMIZATION TYPE MULTIPLE RUNS_

I.E., IF SRCHM =0, THF USER _NLY NEED- _ TO INPUT THE VARIABLE

MULTPF WHICH INDICATES THE S qURCE OF T_E INPUT DATA FOR THE

CUR RFNT RUN.

THF SOURCE ['E INPUT DATA FDR A MULTIPLE RUN CAN BE

SPECIFIED IN ONE OF IHREE WAYS AS FOLLOWS -

I . THE INPUTS FOR THE CURRENT RUN ARE THE SUMMATION OF

1HE INPUTS FRDM ALL THE PREVIOUS RUNS.

To
THE INPtlTS F_R IHE CUPRENT RUN A_'E THE INPUTS FOR THE

FIRST RUN PLUR ONLY THF INPUT CHANGES FDR THIS RUN.

THE INPUTS FOR THE CURRENT RUN ARE UNRFLATED TO ANY

PREVIOUS RUNS. I.E._ THIS IS A CF)MPLETELY SEPARATE

RUN,

THE MULTIPLF RUN CAPABILITY ALLOWS THE riSER TO CHANGE THE

INr'UT D_TA IN ANY OF THE NAMELISTS ASSOCIATED WITH THE BASIC

DATA DE(K. IN ADDITION t THE USER CAN ADD OR DELETE PHASES

IN 1hE EASIC DATA DECK. THESE PROCEDURES ARE SUMMARIZED AS

FOLLOWS -

CHANGES TO AN EXISTING PHASE - IDENTIFY THE PHASE TO

BE CHANGED BY INPUTTING THE VARIABLE EVENT IN NAMELIST

GENDAT ALONG WITH THE DESIRED CHANGES F(3R THAT PHASE.

. ADDING A NEW PHASE - A NEW PHASE IS ADDED BY MERELY

INCLUDING THE DESIRED INPUTS FOR THAT PHASE. THE

POSITION CF THE PHASE RELATIVE TO THE PHASES IN THE

DECK BEING CHANGED IS DETERMINED BY THE INPUT VARIABLE

EVENT.

DELETING A PHASE - A PHASE IS DELFT FD MERELY BY SETTING

ITS FVFNT NUMBER NEGATIVEt I.E,_ INPUT EVENT = -IO_ IN

NAMFLIST GENDAT TO DELETE PHASE IO.
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4.E_. MULTIPLE PUNS (CDNTDI

THE NAMFLIST INPUT SEQUENCE FOR A MULTIPLE RUN FOLLOWS THE

SAME RULES AS THOSE PRFVIOUSLY DISCUSSFD IN THE SECTION ENTITLED

NAMELIST INPUT SEQUENCE. A RLIN CAN BE TERMINATED IN ANY OF THE

NAMELISTS EY SEllING ENDPRB=] ZN' THAI NAMFLIST. THE END OF THE

INPUT DATA FOR THE JOE IS SIGNIFIED BY SETTING FNDJOB=I IN THE

LAST NAMELIST IN THE DATA DECK.

THE TARGFTING/{_TIMIZATION RESULT% FROM A GIVEN RUN ARE

CARRIED OVER FROM THAT RUN TO THE NEXT RUN. THAT ISt THE VALUES

OF THE INDEPENDENT VARIABLES ARE PETAINFD FROM ONE RUN TO THE

NEXT UNLESS DVERRIDDFN BY USFR INPU). TH_ NFXT RUN TO BE MADE

DURING TARGETING/OPTIMIZATION CAN FE SPECIFIFD #S A CONDITIONAL

RUN. THAT ISt THF USER CAN INDICATE THAT THE CURRENT RUN IS IO

_,E MADE ONLY IF THE DFS IGNATFD RUNS HAVE TERMINATED ACCnRDING TO

ONF CF THE F[_LL.E_WINC. CONDITIONS -

o RUN THE CURRENT RtIN ONLY IF ANY {_F THE SPECIFIED RUNS

IS SUCCESSEULT I.E.T IF =_* PROBLEM SOLVED WAS

OBTAINED.

o RUN ThE CURRENT PUN ONLY IF ANY OF THE SPECIFIED RUNS

FAILED ON THF FIRST NOMINAL_ I.F.t IF _ UNUSABLE

NOMINAL WAS OBTAINED.

o RUN THE CURRENT RUN REGARDLESS OF TH_ CONDITION OF ANY

_F THE PREVIOUS RUNS.

THE CONDITIONAL RUN CAPABILITY IS USEFUL IN RUNNING PROBLEMS

THAT MAY OR MAY NO1 WORK BECAUSE OF POOR INITIAL GUESSES. IN THIS

CASE_ THE USE_ COULD INPU1 A MULTIPLF RUN WHICH WOULD PFRFORM A

REDUCFD SEARCH (F.G._ A IXI] BASED ON THE USFR SPECIFIED INITIAL

GUESS, FOLLOWED _Y A RUN WHICH WOIJLD REPEAT THE FIRST PROBLEM

USING THE VALUES O_IAINFD FROM THE ]XI SEARCH.

THE F_LLOWINC SEQUENCE OF RUNS SHOWS HOW THF CONDITIONAL

RUN CAPABILITY CAN (-,E USED.

RUN NO. 1 - FIRST GUESS

RUN NO. 2 - PUN THIS PROELEM ONLY IF RUN NO. I FAILS

(I.E._ IF w=:_* UNUSABLE NOMINAL WAS OBTAINED|

INPUTS REQUIRED - NXTRUN = 2_

IFRUNF(1) = ItOtO_OtOt



PAGE 4. B.,O. 3

MULTIPLE RUNS (CONTD)

RUN NO. 3 - RUN THIS PROBLEM ONLY IF RUN NO. 2 WORKS

(I.E., IF mmm PROBLEM SOLVFD WAS OBTAINED)

INPUTS _EQUIRED - NXTRUN : 1,

IFRUNF(I) : 2tOtOtO_O_

RUN NO. 4 - RUN THIS PROBLEM ONLY IF RUN NO. I OR 3 WORKS

(I.E._ IF **_ PROBLEM SOLVED WAS OBTAINED)

INPUTS REQUIRED - NXTRUN = It

IFRUNF(I) = It3tO,OtOt

RUN NO. 5 - RUN IHIS PRCBLEM ONLY IF RUN NO. 4 WORKS

(I.E., IF **_ PROBLEM SOLVED WAS OBIAINED)

INPUTS REQUIRED - NXTRUN : 1_

IFRUNF(|) = 4_CtOtOtOt

THE VARIABLES ASSOCIATED WITH MULTIPLE PUN_ ARE INPUT IN

NAMELIS7 SEARCH AND APE AS FOLLOWS -

INPUT STORED

SYMBOL UN]IS VALUE DEFINITIPN

IFRUNF(J) INTEGER 0

J=I,5

MULTRF INTEGER I

AN ARRAY CONTAINING _HE RUN NUMBERS

TO BE USFD IN CONJUNCTION WITH THE

VARIABLF NXTRUN TO DETERMINE WHICH

RUN IS TO BE MADE NEXT. IF IFRUNF

IS NOT INPUT OR IS ZERO, THE PREVI-

OUS RUN NUMP, ER WILL BE USED IN CON--

JUNCTION WITH NXTRUN.

A FLAG TO INDICATF HOW THE INPUT

DATA FOR THE CtlRRFNT RUN IS TO BE

FORMED WHEN RUNNING MULTIPLE RUNS.

= I9 THE INPUI DAIA FOR THIS RUN

THE DATA FOR THE FIRST RUN

PLUS ALL INPLIT CHANGES FOR

THIS AND ALL PREVIOUS RUNS.

= 2, THE INPUT DATA FOR THIS RUN

IS THE DATA FOR THE FIRST

RUN PLUS ONLY THE INPUT

CHANGES FOR THIS RUN.

: 3t THI._ RUN IS A COMPLETELY

INDEPENDENT RUNt I.E._ THESE

MULTIPLE RUNS ARE COMPLETELY

SEPARATE PROBLEM. _.
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MULTIPLE RUNS (CONTD)

INPUT

SYMBOL UNITS

STORED

VALUE DEFINITION

NXTRUN INIEGER A FLAG TO INDICATE WHETHER OR NOT

THIS IS THE NEXT RUN WHEN USING

1HE SEARCH/OPTIMIZATION OPTION.

= I, PROCEED WITH THIS RUN ONLY IF

ANY OF THF Rt_S IN THE ARRAY

IFRUNF(J) WAS SUCCESSFUL.

I.E., IF *** PROBLEM SOLVED

WAS OBTAINED ON ANY OF THE

RUNS IN IFRUNE(J)-

= 2, PROCEED WITH THIS RUN ONLY IF

THE FIRST NOMINAL IRAJECIORY

ON ANY OF THE RUNS IN THE ARRAY

IFRUNF(JI FAILED. I.E., IF

_,*_ UNUSABLE NOMINAL WAS

OBTAINED nN ANY OF THE RUNS

IF RtINF (J).

= 3, PROCEED WITH THIS RUN REGARD-

LESS OF THE _UCCESS OR FAILURE

OF ANY OF THE RUNS IN THE ARRAY

IFRUNF(J) .

"k+
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POC_T HAS THE CAPABILITY OF PERFORMING TARGETING WITH OR WITH

OUT INEQUALITY CONSTRAINTS, UNCONSTRAINED OPTIMIZATION, ANti) CON-

STRAINED (EQUALITY AND/OR INEQUALITY) OPTIMIZATION. THE GENERAL-

ITY OF POST ENAPLES THE USER TO SELECT THE INDEPENDENT AND

DEPENDENT VARIAPLES FOR THE PROBLEM FROM A LIST OF OVER 400 PRO-
CRAM VARIABLES.

ANY TYPF OF EVENT (PRIMARY, SECONDARY, OR ROVING) CAN BE USED

IN TARGETING/OPTIMIZATION. HOWEVER, THE USE_ MUST INSURE THAT THE

EVENTS SELECTED WILL ALWAYS OCCUR. THF ASSOCIATION OF AN EVENT

NUMBER WITH THE DEFINITIONS OF THE TARGETING AND OPTIMIZ.ATION
VARIABLFS ENABLES SUCH THINGS AS INTERMEDIAIE TARGETING AND OPT-

IMIZATION _[, BF PERFORMED WITfl THE PROC_RAM. THIS CORRESPONDENCE

AL_O ENABLES THE PROGRAM TO REMEMBER THE STATE VARIABLES AT THE

BEGINNING CF THF PHASES WHERE THE INDEPENDENT VARIABLES ARE INTRO-

DUCED. THUS, WHEN INTEGRATING THE PERTURBED TRAJECTORIES AND THE

TRIAL STEPS, ONLY 1HAT SEGMENT OF THE TRAJECTORY AFFECTED BY THE

CONTROL PARAMETERS BEING CHANGED IS INTEGRATED, THEREBY REDUCING

THE TIME RE_)UIRED TO GENERATE THE SENSITIVITY MATRIX.

FOR AN OPTIMIZATION PROBLEMt THE OPTIMIZATION VARIABLE MUST

BE DEFINED IN NAMELIST SEARCH. THE VARI'ABLES f)PTVARt OPTPHt AND

OPl ARE USED FOR THIS PURPOSE. FOR TARGEIING (CONSIRAINED)

PROBLEMS, THE DEPENDENT VARIABLES MUST BE DEFINED IN NAMELIST

SEARCH. THE VARIABLES NDEPVt DEPVR_ DFPPH, IDFPVR, DEPVAL, AND

DEPTL ARE USED FOR THIS PURPOSE. BOTH SETS OF INPUTS ARE NEEDED

FOR A CONSTRAINED OPTIMIZATION PRE_LEM. IN ANY CASE, THE

SEARCH MODE {SRCHM)t THE NUMBER OF ITERATIONS (MAXITR), AND THE

INDEPENDENT VARIABLES (NINDVt INDVRt INDPH, AND U) MUST BE DEFINED
IN NAMELIST SEARCH.

IN ADDITION TO THE REQUIRED NAMELIST SEARCH INPUTS, THERE

ARE SEVERAL OTHERS WHICH CAN BE USED TO FURTHER INCREASE THE RATE

OF CONVERGENCE ON DIFFICULT OPTIMIZATION PROBLEMS. FOR THE MOST

PARTy THESE INPUTS ARE RELATED TO PROBLEM SCALIN£_ (MODEW AND

WOPTIt SFARCH DIRECTION STEPSIZE CONTROL (PCTCC), AND CONVERG-
ENCE TOLERANCES (CONEPS(I)).
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THE SEARCH/OPTIMIZATION OPTION ALLOWT THE USER TO SPECIFY

AS MAN_ AS 2_ CONTRt'IL VARIABLES FOR EACH PROBLEM° THE INITIAL

VALUE OF EACH CONTROL VARIABLE AND THE PHASE IN WHICH IT OCCURS

ARE ALSO SPECIFIED BY INPUT. IF A CONTROL VARIABLE IS A

GUIDANCE (STEERING) VARIABLEt SUCH AS A PITCH RATE OR ANGLEr
THE APPROPRIATE GUIDANCE OPTION (IGUID) MUST BE REQUESTED IN

NAMFLIST C,ENDAT FOR THE CORRESPONDING PHASE.

THE VALUF OF A GIVEN CONTROL VARIABLF AS CALCULATED BY THE

TARGETING/OPTIMIZATION ALGORITHM WILL BE CARRIED OVER FROM ONE

PHASF TO THE NEXT UNTIL OVERRIDDEN BY USER INPUT OR BY A NEW

CONTROL VARIABLE. FOR EXAMPLEt IF THE LINEAR TERM IN THE PITCH

ANGLE PPLYNOMIAL (HnLLERITH INPUT SYMBOL PITPC2) IS A CONTROL

VARIABLE IN PHASE I.Ot AND IS NOT A CONTROL VARIABLE IN PHASE

2.O, THE CALCULATED VALUE OF THE PITCH RAIE IN PHASE 1,,O WILL

CONTINUE INIO PHASE 2.0 UNLESS THE COFFFICIENT PITPC(2) IS INPUT

IN NAMELIST GENDAT FOR PHASE 2.O.

THE CONTRnL VARIABLES CAN BE SELECTED FROM ALMOST ANY

VARIABLE IN NAMELISTS GENDAT OR TBLMLT. EACH CONTROL VARIABLE

HAS SEVERAL INPUIS LrSOCIATED WITH IT TO DESCRIBE ITS FUNCTION

TO THE PROGRAM. THFSE VARIABLES ARE INPUT IN NAMELIST SEARCH

AND ARE AS FCLLOWS -

I) THE HOLLERITH NAME OF EACH CONTRf_L VARIABLE. THIS IS

INPttT AS THE ARRAY INDVR(I), I:I,NINDV.

2) THE INITIAL VALUE OF EACH CONTROL VARIABLE. INPUT

AS THE ARRAY U(1)t I=ItNINDV. IF SRCHM IS NON-ZEROt

U(I) OVERRIDES ANY VALUE INPUT FOR THAT VARIABLE IN

NAMELIST GFNDAT FOR PHASE INDPHII).

3) THE PHA_E NUMBER (EVENTI AT WHICH EACH INDVR IS

INITIATED. INPUT AS THE ARRAY INOPH(I ), I=ItNINDV.

THE VARIABLE WHOSE HOLLERITH NAME APPFARS IN INDVRII)

IS SET EQUAL TO U(II AT THE BEGINNING OF THE PHASE

SPECIFIED t_Y INDPH(I).
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5._. CONTROL {INDEPENDENT) VARIABLES (CONTDI

4) IHE PERIURBATIDN FOR EACH CONTROL VARIABLE TO BE USED

TO CENERATF THE SENSIIIVITIES. INPUT AS THE ARRAY

PERT(I), I=],NINDV. THE SENSITIVITY DEIJ)IDU(]) IS

DETERMINED BY FINITE DIFFERENCING U(I) BY PERTII) AND

CALCULATING THE CHANGE IN FACH E(J). FOR VARIABLES

WHOSE NOMINAL VALUE IS GREATFR THAN IG.Ot THE VALUE

OF PERT(I) SHOULD BE INPUT ROUGHLY SIX ORDERS OF

MAC NITUDE LESS THAN THF NOMINAL VALUE OF IHF VARIABLE.

THE STC_RFD VALUES FOR PERT(I) ARE (.DE-4.

5) THE NUMBER OF CONTROL (INDEPENDENT) VARIABLES TO

_E USED. INPUT AS THE VARIABLE NINDV. THE FIRSI

NINE V VARIABLES IN THE ARRAY INDVRII) WILL BE USED AS

CONIRCL VARIABLES. THE NUMBFR OF C_IROL VARIABLES

MUST BE GREATER THAN OR EOUAL TO THE _UMBEP OF TARGET

VARIABLES PLUS THE OPTIMIZATION VARIAPLF UNLFSS SOME OF

THE TARGET VARIABLES ARE INEQUALITY C_NSTRAINTS.

IN ADDITION TO THE ABOVE REQUIRED INPUTS, THERE ARE SOME

OTHFOS A_SOCIATED WITH THE CONTROL VARIABLES WHICH COULD BE USED

TO SPEED THE TARGETING/OPTIMIZATION PROCESS ON DIFFICULT PROBLEMS.

IN M[)ST CASESt THE STORED VALUES WILL PROVIDE THE BEST RESULTS.

NO USER INPUTS ARE REQUIRED IF THE STORED VALUE S ARE TO BE USED.

THF-_F INPUTS ARE INPU1 IN NAMELIST SEARCH AND ARE AS FOLLOWS -

INFUT STORED

SYMFOL UNITS VALUE DEFINITION

MODFW INIEGFR I

NPAD(3) DECIMAL TO.

CONTROLS TYPE OF WEIGHTING TO BE

USED FOR THE INOFPENDENT VARIABLES

= Ot USE INPUT WFIC441INGt WVU(I).

SEF INPUT I_STRUCTIONS FOR

WVU (I ).

= It AUTOMATIC CONTROL WEIGHTING

WVU(I) = I.O/U(I)

THE LOWER BOUND ON THE PERCENTAGE

CHANGE IN THE PERTURBATION OF THE

CONTROL PARAMETERS WHEN COMPUTING

THE SENSITIVITY MATRIX.
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(INDEPENDENT) VARIAB. LFS (CONID)

INPUT STOR ED

EYHP, OL UNI]. ¢ VALUE DE FINITION

wVU(I% DECIMAL

I=] ,25

0.0 INDEPENDFNT VARIABLE WEIGHTING

USED IF MODFW = O.

WVU(1) E.HOULD BF INPUT AS THE

RECIPROCAL DF THE MAXIMUM CHANGE

ALLOWED IN UfI} PER IIERATION
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5.B. CONSTRAINT (DEPENDENT) VARIABLES

THE DEPFNDENT VARIABLES CAN BE EITHER EOUALITY CONSTRAINTS

OR INEQUALITY CONSTRAINTS BASED ON USER INPUT. _NY CALCULATED

OUTPUT OR INDEPENDENT VARIABLE CAN BE tlSED AS A DEPENDENT

VARIABLE AND AS MANY AS 25 CAN BE SPECIFIED.

THE INEQUALITY CONSTRAINTS MAY BF EITHER FUNCTI(_NAL OR

SINGLE VALLIED. THESE TWO TYPES OF C_NSTRAINTS ARE EXPLAINED

IN SECTIONS 6.A.7 AND b.A.14 OF THIS PEPORT.

ALL INPUTS ASSOCIATED WITH THE DEPENDENT VAPIABLES APE

INPUT IN NAMELIST SEARCH. THE REQUIRED VAQIAPLF- ¢. ARE AS

FOLLOWS -

I) THE HOLLERITH NAME OF EACH DEPENDENT VA_IAE, LE.

IN THE ARRAY DEPVR(I)t I=I,ND_PV.

INPUT

2) THE PHASE NUMBER (EVFNT) ASSOCIATED WITH FACH DEPENDENT

VARIABLE - DEPPH(1), I=I,NDEPV- THE VARIABLE SPECIFIED

BY DEPVR(I) WILL BE SATISFIED AT THE PLUS SIDE OF THE

EVENT SPECIFIED BY DEPPH(I). IF DEPPHfI) IS GREATER

THAN FESNt THE LAST PHASE IS ASStIMEDo

3) THE DESIRED VALUE OF EACH DEPFNDFNT VARIAE_LE

- DEPVAL(I)v I:ItNDEPVo

4) THF DESIRED ACCURACY TOLERANCE WITHIN W_,ICH DEPVR(I)

IS CONSIDERED TO BE _ATISIFIFD - DEPTLII), I=],NDEPV.

5} THE NUMPER OF DEPENDENT VARIA[_LES TP. f_F USED

- NDEPV. THE FIRST NDEPV VARIABLE_ IN THE ARRAY

DEPVR{I} WILL BE USED AS DEPENDENI VARIAPLES.

6) THF TYPE OF CONSTRAINT FOR EACH PEPVR(1) - ]DEPVR(I),

I=ItNDEPV. THE FOLLOWING VALUES FOR IDFPVRII) CAN BE

SPECIEIED -

IDEPVR(I) = Oe IF DEPVRII) IS TO PE AN EC'UALITY

CONSTRAIN1

= I, IF DEPVR(I) I_ TO E£ _N INEQUALITY

CONSTRAINT WITH At_ UPPER BOUND

=-19 IF DEPVR(I) IS TO BE AN INEQUALITY

CONSTRAINT WITH A LOWER BOUND
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CONSTPAINT (DEPENDENT) VARIABLES |CONTD)

OTHER INPUTS WHICH ARE NOT REQUIRED BUT WHICH MAY HELP

THE TARGETING/OPTIMIZATION PROCESS ARE AS FOLLOWS -

INPUT STO R ED

SYMBOL UNITS VALUE DEFINITION

IFDEGII) INTEGER 0

l:Iv25

NPAD(I) INTEGER

NPADI2)

I0

5

CONTROLS 360 - 0 DEGRFF DISCONTIN-

UITY IN DEPVRiI). FOR EXAMPLEv IF

DEPVR(I) ---6HTPUAN • AND DEPVAL =

359.95, A DISCONTINUITY EXISTS NEAR

THF DFSIRFD VALUEr AND IFDEG SHOULD

BE USED.

= 0, ND CORRECTION MADE.

= It IF ABS(E(I)| IS GRFATER THAN

180.0, SET F(1) = E(I) PLUS

OR MINUS ]BO.O.

THE LOWER AND UPPER BCUNDS CN THE

DESIRED NUMBER C,F DIGITS DIFFERENCE

BEIWEEN THE NOMINAL AND PERTURBED

VALUES OF THE DEPFNDENT VARIABLES

WHEN COMPUTING THE SENSITIVITY

MATRIX.
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5.C. OPTIMIZATION VAR I AE_LE

THE PROGRAM HAS THE CAPABILITY TO EITHER MINIMIZE OR

MAXIMIZE A SPECIFIED VARIABLE WITH OR WIIHOUT SATIFYING

SPECIFIED CONSTRAINTS.

THE FOLLOWING INPUTS ARE REQUIRFD TO DFFINF THF

OPTIMIZATION VARIABLE. ALL VARIABLES ASSOCIATFD WITH THE

OPTIMIZATION PROCESS APE INPUT IN NAMELIST SEARCH.

I) THE HOLLERITH NAME OF THE OPTIMIZATION VARIABLE.

INPUT AS THE VARIABLE OPTVAR. ANY _F THE O_FTPUT

VARIABLES CAN BE USED AS AN OPTIMIZATION VARIABLE,

PROVIDED IT IS SENSITIVE TOt AT LEAST ONE OF THE

INDEPENDENT VARIABLES.

?) TYPE OF OPTIMIZATION DESIRED - OPT.

IF NO OPTIMIZATION IS DESIRED, IRPUT OPT AS O.

IF THE VARIABLE DEFINED BY OPTVAR IS TO BE MINIMIZED,

INPUT OPT =-1. IF OPTVAR IS TO BE MAXIMIZED, INPUT
OPT = +1.

3) THE PHASE NUMBER (EVENT| ASSC_CIATED WITh THE OPTIM-

IZATION VARIABLE - OPTPH. THF_ VARIABLE SPFCIFIED BY

OPTVAR WILL BE OPTIMIZED AT THE PLUS SIDE OF THE

EVENT SPECIFIED BY OPTPH.

4) THE WEIGHTING FOR THE OPTIMI/ATION VARIABLE - WOPT.

WOPT SHOULD BE INPUT AS APPROXIMATELY I OVER THE

ANTICIPATED VALUE OF OPTVAR.

5) THE DECIMAL PERCENTAGE CHANGE T_ BE MADE IN THE CONTROL

VARIABLES FOR THE INITIAL TRIAl SIEP ON EACH ITER-

ATION - PCTCC.
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TARGE T ING/OPTI MI ZATION ALGCR ITHMS

POST CONTAINS FOUR (4) TARGETING/OPTIMIZATI('_ ALGORIIHMS.

THESE ALGORITHMS ARE DIRECT METHODS BASED UPPN FIRST ORDER

GRADIENT INFORMATION. THE PRINCIPLE DIFFERENCE BETWEEN IHESE

TECHNIQUES IS THAT THPEE OF THESE ALGOPITHMS ARE UNCONSTRAINED

METHODS WHILE THE FOURTH IS A CONSTRAINED MFTHOD. [FFICIENT

UTILIZATION OF THESE ALGORITHMS REQUIRES A BASIC UNDERSTANDING

_F TARGETING/OPTIMIZATION CONCEPTS AND NOMENCLATURE, AND A

COMPLETE UNDERSTANDING OF POST INPUT PROCEDURES. FOR CONVENIENCE,

A BRIEF SUMMARY OF THE KEY CONCEPTS AND IFRMINOL(X_Y IS REVIEWED

BELOW.

OPTIMIZATION VARIABLE

THE VARIABLE TO BE OPTIMIZED (I.E., MAXIMIZFD CR MINIMIZED)

IS INPUT AS OPTVAR, AND IS CALCULATED ON THF POSITIVE SIDE C.F THE

EVENT SPECIFIED BY OPTPH. SINCE ALL ALGORITHMS IN POST ARE

FORMULATED AS MINIMIZATION ROUTINES, FPTVAR IS IRANSFCRMED

INTERNALLY TO A NEW FUNCTION

P] = - OPT'_WDPT_OPTVARI,

WHERE WOPT SCALES OPTVAR, AND OPT FLAGS MAXIMIZATION DR MINIM-

IZATION. CLEARLY, IF OPT =+I (MAXIMIZATION), THFN

MIN(P]) = MIN(-WCPT_OPTVAR) = WOP!WkMAX(_P_VAR),

_ND IF OPT =-1 (MINIMIZATION) _ THEN

MIN(P]) - MIN(+WORT_OPTVAR) = WOPT*MIN(DPTVAR).

CON STRAINTS

THE PROBLEM CONSTRAINTS ARE INPUT BY DFFINI_G THE NUMBER OF

CONSTRAINTS (NDEPV)_ THEIR HOLLERITh NAMES (DEPVR), THE EVENTS AT

WHICH THEY ARE CALCLEATED (DEPPH), THEIR DESIRED VALUES {DEPVAL),

_HEIR TOLERANCES (DEPTL), AND THE TYPE {_F CONSTRAINT (IDEPVR).

THE ACTUAL ERROR IN THE J-TH CONSTRAINT IS

E(J) = DFPVR(J) - DEPVAL(J),

AND ThE WEIGHTED ERROR IS

WE(J) = (DEPVR(J) -DEPVAL(J))/AP.C(DFPTL(J) ) .
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1HE J-TH CONSTRAINT IS SAID TO BE AN EQUALITY CONSTRAINT IF IT

IS OF THE FORM

DEPVR(J) = DEPVAL(JIt

#ND IS SAID TO RE AN INEQUALITY CONSTRAINT IF IT IS OF THE FORM

DFPVR(J) LE DFPVAL(JIt ( UPPER BOUND )

_R

DEPVR(J) GE DEPVAL(J)_ ( LOWER POUND ) .

TYPICALLY_ TARGET CONDITIONS (E.G._ ALTITUDE, VELOCITY, ETC.) ARE

FORMULATED AS EQUALITY CONSTRAINTS_ AND ENVIRONMENT CONDITIONS

(DYNAMIC PRESSURE LIMITSt ETC.) ARE FORMULATED AS INEQUALITY CON-

STRAINTS. ONE MISTAKE THAT IS FREQUENTLY MADE IS THE USE OF EQUAL-

ITY CONSTRAINTS WITH LARGE TOLERANCES INSTEAD OF INEOUALIIY CON-

STRAINTS WITH SMALL TOLERANCES. THIS PRACTICe TENDS TO CONFUSE THE

TARGETING L_.,GIC AND HENCE WASTE COMPUTER TIME. ANOTHER COMMON ERROR

WHICH HAS A SIMILAR EFFECTt IS AN ATTEMPT 10 HELP THE TARGETING

ROUTINE BY USING EXIREMELY LARGE TOLERANCES. THE BEST GUIDE TD THE

SELECTION OF THE TYPES OF CONSTRAINTS AND THEIR ASSCtCIATED TOLER-

ANCES IS THAT THEY MAKE GOOD PHYSICAL SFNSE.

THF J-TH INEOUALITY CONSTRAINT IS SAID 10 BF

VIOLATED IF

WE(J} LE -].0 t

NOT VIOLATED IF

WF(J) GE +1.0,

lIGHT IF

-l.n GF WE(J) LE +I.Op

AND ACTIVE IF

A) P2 LF I.O_

AND

[_) R(J) = I(SMAT_T(SMAT) )SMAT_,GI(J| GE -].OE--06
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WHERF I(*) AND T(_,) DENOTE INVERSE AND TRANSPOSEt RESPECTIVELY.

CLEARY• THE SET OF ACTIVE CONSTRAINTS IS A SUBSET OF THE SET OF

TIGHT CONSTRAINTS, SINCE IF

R(J) LI" -I.F-061

THEN THE J-l_, CONSTRAINT CAN BE DROPPER CN TPAT PARIICULAR

ITFRATION. THE CPMPLEIE SET C'F ACTIVE CONSTRAINTS Ft_R AN IIER-

ATIPN IS THE UNION OF ALL EQUALITY CONSTRAINTS (THEY ARE ALWAYS

ACTIVE) AND THE _ET OF ACTIVE INEQUALITIES. THE TOTAL NUMBER OF

ACTIVE CCNSTRAINTS I,_ OUTPUT AS NAC• AK'P, THEIR INDICES B.Y THE

ARRAY IAC(J).

CONSTRAINT PENALTY FUNCTION (P2)

THF PENALTY FUNCTICN FOR THE VIPLA_FED CP_'STPAINTS IS

CALCULAIED AS

P2 = SUM ( WE(1)*_2 ) .

I= I •NAC

A SUFFICIENT CONDITION WhIC_ INSURES TEAT IH _ C_NSIRAINTS ARE

SATISFIED WITHIN THE TOLERANCE SPFCIFIFD BY DFPTLiI) IS THAT

P2 LE I.O .

WHEN UNCONSTRAINED MEIHODS ARE USED lPI- ¢ _ECF_D PENALTY

FUNCTION IS REC[:MPU_ED INIERNALLY AS

P2 = P1 + WCON*SUM( WE(I)_*2 ) •

I:I tNAC

WHERE THE PENALTY CCIWSTANI IS INPUT AS WCON. IT CAN PE SHOWN THAT

FOR A SUFFICIENTLY LARGE WEIGHTING CONSTANTt THE MINIMUM OF P2

CORRESP[!HDS 1"0 THE CONSTRAINED MINIMUM.

INDEPENDENT VARIAPLES AND WEIGHTING

THE INDEP[NDEK_I VARIAELFS ARE INPUT PY DEFINING THEIR

_OLLERITH NAMES (INDVR) t AND TME EVENTF A1 WF_ICH T_EY ARE TO EE

ACTIVATED (INDPH). IT IS THFSE VARIABLFS TPAT ARE INTERNALLY
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TARGETING/OPTIMIZATION ALGORITHMS (CONTD)

ADJUSTED BY THE SELECTED ALGORITHM IN ORDFR TO OPTIMIZE OPTVAR

AND SIMULTANEOUSLY SATISFY THE CONSTRAINT EQUATIONS. THE

INDEPENDENI VARIABLES ARE INTERNALLY WEIGHTED TO INSURE PROPER

OVERALL SCALING. THIS IS ACCOMPLISHED PY PREMULTIPLYING THE

THE ACTUAL VARIABLES BY A DIAGONAL WEIGHTING MAIRIX. IN TERMS

OF OUTPUT VARIABLESt THE SCALED INDEPENDENT VARIABLES ARE GIVEN

BY

WU(I) : WVU(II*UII) • I - 1,NINDV.

NOMINALLY, THE WEIGHTING MATRIX IS GIVEN BY

WVU(1) = I.OIAE. S(U(1)) , I : I,NINDV,

WHERE U(1) IS THE INPUT VALUES OF THE INDFPENDENT VARIABLES.,

AS A CONSEQUENCE OF THE WEIGHTING OF BOTH THE DEPENDENT AND

T_E INDEPENDENT VARIAE_LES, THE FUNCTIONAL RELATIONSHIPS USED TO

DETERMINE THE INDEPENDENT VARIABLE CORRECTIONS ARE ALSO SCALED.

THUS, THE ACTUAL FUNCTIONAL RELATIONS USED INTERNALLY ARE

P! = PI( WU(I),...,WUININDV) ) ,

AND

WE(I) = WE(WU(II,...,WU(NINDV) ) ,

P2 : P2( WE(II•...•WE(NAC) ) •

SENSITIVITY CALCULATIF_I_

THE COMPLEXITY OF THESE FUNCTIONS REOUIRES THAI THEIR DERIV-

ATIVES BE APPROXIMATED BY FIRST DIFFERENCES. THESE APPROXIMATIONS

TO THE SENSITIVITIES ARE THEN PROCESSFD BY THE OPTIMIZATION ALGO-

RITHM ORDER TO SOLVE THE PROPLEM FORMULATED IN NAMELIST SEARCH.

THE GRADIENTS OF P| AND P2 ARE DENOTED EY GI(1) AND G2lI)t RE-

FPFCTIVELY AND THE GRADIENT OF THE C_NSTRAINT VECTOR IS DENOTED

BY SMAT(I•J). THE DIFFERENCE FORMULAE USED TO APPROXIMATE THESE

PARTIAL DERIVATIVES ARE

GI(J) = (PI(U(1),.,U(J)+PERT(J),.,U(MII-P]#UfI),.,UIM)))/PERT(J),

SMAT(I,J) = I WEIIU +PERT(J)) -WEI(U) )/PERT(J),
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AND

G2(J) = 2_'SUM(WE(I)*SMAT(I_J)) • J:]tNINDV .

I=I _NAC

NOTE THAT THE GRADIENT CF P2 IS COMPUTFD FROM SMAI A_,'D NOT BY

[_IFFFRENCING P2 DIRECTLY. THE REASON FfTR THI_ IS THAT IT

REDUCES THE ERROR IN G2(I) AT P2 EQ 0.0.

THE UNSCALED GRADIENTS CAN BE C['MPUT[D FROM

GRAD |OPTVAR ) = - WVU{I )_'C,!(I )IWCPT:_,OPT,

AND

GRADIDEPVR(I)) = DEPTL(1),_WVU(J)*SMAT(I_J)

ESTIMATED NET COST FUNCTIPN

WHEN THE PROJECTED GRADIENT METHOD I_ USED (I.E., SRCHM=4)

AN ADDITIONAL PENALTY FUNCTION CAN BE DEFINED WHICH INCLUDES THE

EFFECTS OF CONSTRAINT VIOLATION WITHOUT THE IEqRODUCIION OF AN

ARBITRARY WEIGHTING CONSTANT. T_,IS PENALTY FUNCTIO_ IS CALLED THE

ESTIMATED NET COST FUNCTIONt AND IS C[,MPUTED AS

PINET = PI - T{GI)TISMAT)*IISMAT*TISMAT))WE .

THE FIRST TFRM THE PINET IS 1HE ACTUAL WEIGHTED COST FUNCTION.

THE SECOND TERM IS A LINEARIZFD APPROXIMATION lr THE CHANGE IN PI

RE._ULTING FROM A MINIMUM NORM CORRECTI9N PACK TC THE SET PF ACTIVE

CONSTRAINTS. THE SECOND TERM _EPRESENTS THE INDUCED COST ASSOCI-

ATED WITH THE CONSTRAINT VIOLATION WHICH RESULTS FROM DETERMIN-

ING THE DIRECTION OF SEARCH F_OM A LINE ARIZFD APPROXIMATION TO

THE NONLINEAR CONSTRAINTS. 1HE TERM ESTIMATED IS U.CFD IN DESCRIB-

ING PINFT BECAUSE THE SENSITIVITY MATPIX IS NOT RECCMPUTED AS

A FUNCTION OF THE STEPS IZE TAKEN IN THE SEARCH DIRECTION.

DIRECTION OF SEARCH

THE FINAL KEY CONCEPT IS THE IDEA OF A DIRECTION OF SEARCH.

HEUPISTICALLYt THE DIRECTION OF SEARCH IS NOTHING MORE THAN A

PARTICULAR LINE IN THE INDEPENDENT VARIABLE SPACE ALONG WHICH THE

CPNSTRAINT ERROR IS REDUCEDt OR THE CPST FUNCTI[;N IS DECREASED.
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IN A MORE PRECISE SFNSEt THE DIRECTION OF SEARCH AT U(I| IS A

HALF-RAY EMANATING FROM U[I). THUSt FOR ANY POSITIVE SCALAR9

GAMAST, THE EQUATION

UII) : UII) + (-AMAST*DUII) 9 I = 19NINDV

SETS THE LIMITS OF THIS HALF-RAY AND REPRESEN1'S MOVFMEN1' IN THE

DIRECTION DU(I), FROM U(I).

1.HE VARIOUS MATHEMATICAL IECHNIOUES USED IN POST TO DETERMINE

THE DIRECTION OF SEARCH ARE BASED UPON GIII), _M_TII,J|9 AND G2(I).

THESE TECHNIQUES, WHICH ARE DISCUSSED IN DET_.IL IN 1.HE FORMULATION

MANUAL9 ARE SUMMARIZED ACCORDING TO 1HE SRCHM FLAG. IN ORDER 1"0

SIMPLIFY THE NDTATI{IN9 THE ROW/COLUMN SUBSCRIPTS ARE REPLACED

BY THE SUBSRIPT N, WHERE N DENOTES THE R-TH ELEMENT OF THE ITER-

ATION SE fJUENCE.

DIRECTION OF SEARCH EQUATIONS

SRCHM -- I, ( THe_ STEEPEST DESCENT METHOD APPLIED 111 P2 )

S(N) = - G2iN)

SRCHM = 29 I THE CONJUGATE GRADIENT METHOD APPIED TO P2 )

S|N) = -G2INI, IF N:O9 OTHERWISE

SIN) =- G2(N)+ ( I(GZINIIG2(NI/TIG2|N-IIIG2(N-II I*G21N-I)

SRCHM : 3, ( THE DAVIDON METHOD APPLIED I0 P2 )

SfN) = -G2(N), IF N=O, OTHERWISE

S(N) -- -H(NIG2IN) 9 WHERE

H{N) : H(N-I) + AIN) 4 P(N)

D(N) = U(N) - UIN-I)

GIN| = G2IN) - G2IN-I|

A(N) = DIN)TIDIN) )/TIDIN))GIN)

B(N) = -HIN-I)GIN)TIHIN-I)GIN))/TIGIN))H(N-I)GIN)

SRCHM = 49 ( THE ACCELERATED PROJECTED GRADIENT METHOD )

A) MINIMUM N_M CONSTRAINT CORRECTION

S|N) : - TISMATIIISMAT_TISMAIIIWE(N)
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B) PROJECTED GRADIENT DIRECTION

PIN) = I - TISMAT)_IISMAT_TISMAT))*SMAT

PG(N) = P(NIGI IN)

SIN) = -PCIN) • IF N:O _ OTHERWISE

S(N) : -H(N)PG(N),

H(N] = H(N-]) ÷ A(N) + P(N)t AS IN DAVIDONS MFTHOD

A UNIT VECTOR• DU(N)t IN THE DIRFCIIONt ;(N), I._ THEN CALCULATED
FROM THE EQUATION

DUIN]= SINI/TISINIISIN).

AFTER DU(I) IS DETERMINED• THE MAGNITUDE OF THE CORRECTION TAKEN

IN THAT DIRECTION I._ CALCULATED BY MINIMIZING E I_HFP PINET OR P2.

THE RESULTS OF THESE ONE-DIMENSIONAL MINIMIZATIONS ARF INCLUDED

IN THE ITFR_TION SLIMMARY.

ONE DIMENSIONAL MINIMIZATION

THE MCNOVARIANT MINIMIZATION IS PFRFORMFD FXCLUSIVELY BY POLY-

NOMIAL INTERPOLATION. FIRST THE ACTUAL FUNCTION• F, TO BE MINI-

MIZED IS APPROXIMATED BY ONE OR MeRE QUADRATIC OR CUt_IC POLYNOM-

IALS UNTIL A SUFFICIENTLY ACCURATE CU_'VEFIT, P, IS PBTAINED,

THAT IS

P(GAMA) = SUM ( A(1)w_ GAMA**I ) = FI{_AMA)

I:OtN

FOR ALL GAMA fIF INTEREST. THEN THE INDEPENDENT VARIABLE VALUE•

GAMA MINIMIZING F IS APPEOX]MATED BY IHF VALUE GAMA-_T MINIMIZING

P(GAMA).

THE MINIMIZATION ROUTINE (GFNMIN) MAKES U._F OF ALL THE

INFORMATION IT ACCUMULATES ABOUT F TC _PTAIN A G[t]D CURVEFIT.

FIRST• F IS FIT WITH A QUADRATIC POLYNOMIAL• PI, BASED ON

I) F(O)

2) DFDS (O)

3) F(GAMA(I||, WHERE GAMA(I| IS AN INITIAL FSTIMATE OF THE

GAMAST VALUE MINIMIZING F.

THE INDEPENDFNT VARIABLE VALUE MINIMIZING THF QUADRATIC IS

GAMA(2) = -AII)/I2tA|2)) .
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IF APS(IGAMA(2)-GAMAII))/GAMACI)) LE CONSEX(I)e THEN GAMAST IS

TAKEN TO BE GAMAf2) AND THE MINIMIZATION PROCEDURE IS CONSIDERED

COMPLETE. SIMILARLY, IF ABS{qPI(GAMA(2))- FKGAMA{2I)IIFIGAMAI2)))

LT FITERRII)• GAMAST IS TAKEN EQUAL TO GAMA|2) AND THE PROCESS

IS TERMINATED. C_THERWISE F IS FIT WITH A CUBIC POLYNOMIAL• P2,

BASED ON

II F(O)

21DFDS(O)

3l FIGAMAIIg)

49 FIGAMA129)

IHE INDEPENDENT VARIABLE VALUE GAMA{39 MINIMIZING THE CUBIC IS

GAMA(39 =(-AI29+SQRTIAI29_*2-3A{|)*AI399)I3.0_'A(39.

IF ABSI|GAMAI3)-GAMA|2)9/GAMA|299 LE CONSFXII)• THEN GAMAST IS

TAKEN TO BE GAMA|39 AND 1HE MINIMIZATION IS STOPPED. SIMILARLY• IF

ABSIiP21_AMAI39-FIGAMA{3])/F{GAMA{39)99 LE FITFRR|I), IHEN GAMAST

IS TAKEN EQUAL TO GAMA(39 AND THE PROCEDURE IS STOPPED. IF NONE OF

THESE STOPPING CONDITIONS ARE MET, THE ACCUMULATED SET OF FUNCIION

VALUES IS SEARCHED FOR A NONMONOTONIC SEQUENCE {I.E., UP-DOWN-UP

SEQUENCE OF FUNCTION VALUES). IF THE MINIMUM HA_ BEEN BRACKETED,

THEN THE BRACKETING POINTS ARE ARRANGED IN IHE ORDER OF ASCENDING

ABSCISSA VALUES. THEN THE FIRST POINT WHOSE ORDINATE VALUE IS

LESS THAN THAT OF THE FOLLOWING POINT IS SELFCTFD. FOR SIMPLIC-

ITY DF NOTATION, RELABFL THIS POINT {GAMAI2),F|GAMA{2)), THE

PRECEDING POINT |GAMA{I),FIGAMAII)9• AND THE FnLLOWING POINT

(GAMA|3),F{GAMA|3)). A QUADRATIC• P3• IS IHFN FIT ID

19 F(GAMA(199 • GAMA(19

29 FfGAMA(2)) , GAMAI2)

3) F(GAMA(3)) • GAMA{3)

AGAIN THE INDEPENDENT VARIAPLE VALUE, GAMA|49, MINIMIZING THE

C'UADR ATIC IS

GAMA(4) : -AII)I(2.0*A(2)).

SIMILARLY, IF ABS| {GAMAI49--GAMA|39)/GAMA|39 ) LF CONSEXiI) OR

IF AES((P3|GAMA|49--F|GAMA|49)91F|GAMA|_)9) LE FITFRR|I), THEN

CAMA__T IS IAKEN TO RE GAMA|4) AND THE PROCESS IS TERMINATED. IF

NEITHER (_F THESE STOPPING CONDITIONS IS MET, THEK' A FINAL CUBIC,

P4, IS FIT TC
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I) F(GAMAI])) t GAMA(II
2) F(GAMA{2)) , GAMA(2)

3) F(GAMA(3)) t GAMA(3)

4) F(GAMA(4)) • GAMA|4).

THE INDEPENDENT VARIABLE VALUE_ GAMA(5), MINIMIZING THE CUBIC IS

GAMA(5) = (-A(2)+SORT(Ai2)w,w_2-3A(])WKAf3))/3_,A(3).

IF AES| |GAMA(5)--GAMA(4)|/GAMAI4) ) LE CONSEX(1) OR IF

ABS( P4(GAMA|5))-F(GAMA|5))/F|GAMA|5)| ) LE FIIFRRII)t THEN GAMAST

IS TAKEN TO BE GAMA(5). IF NONE OF THESE ST("PPING CONDITIONS ARE

SATISFIED, THE ACCUMULATED SET OF SAMPLE POINTS IS SEARCHED FOR

THE POINT WITH MINIMUM ORDINATE VALUE. THE ABSCISSA VALUE OF

THIS POINT IS TAKEN TO EE GAMAST, AND THE MINIMIZATION IS CON-

SIDERED C(nMPLETE.

THIS PROCFDURE MAY bE SUMMARIZED AS FELLOWS

STEP |.0 - APPROXIMATE F BY A (QUADRATIC POLYNOMIAL BASED UPON

FiO), DFDS(Ol, F{GAMA(])').

STEP 2.0 -APPROXIMATE F BY A CUBIC POLYNOMIAL BASED UPON

F|O)t DFDS(O)t F(GAMA(])).

STEP 3.0 - APPROXIMAIE F BY A QUADRATIC POLYNOMIAL BASED UPON

F(GAMAiI)) _F(GAMA(J))tF|GAMAIK) )_WHERE ItJ_ AND K

ARE DETERMINED TO BRACKET THE MINIMUM.

STEP 4.0 - APPROXIMATE F BY A CUBIC P['LYNOMIAL BASED UPON

F(GAMA(I)), FIGAMA(JI)t F(GAMA(K), F(GAMA(4)) .

STEP 5.C -- DETERMINE THE MINIMUM ORDINATE VALUE BY DIRECTLY

SEARCHING ThE SEI OF ACCUMULATED VALUES.

CONVERGENCE TESTS

THE FINAL CONSIDERATION IS THAT OF DFTERMINING WHEN AND IF

THE SOLUTION TO THE PROBLEM HAS BEEN COMPUTED. CONVERGENCE OR

CONVERGFNCE FAILURE IS DETECTED AUTOMATICALLY IN SiT,ROUTINE TES1

AND DEPFNDS CRITICALLY UPON THE TOLERANCES CONEPS(J). THE STORED

VALUES FOR THESE TOLERANCES ARE SMALLER THAN GFNERALLY REC_UIRED.

THUS, ADEQUATE CONVERGENCE MAY BE ACHIEVED BEFORE ALL OF THE CON-

VERGENCE IESTS ARE SATISFIED WITHIN THE TOLERANCES SPECIFIED IN
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THE ARRAY CONEPS(J). THIS CAN BE DETERMINED FROM ANALYSIS OF THE

ITERATION SUMMARY PRINTOUT BY MAKING A FEW SIMPLE CHECKS. THE

CONSTRAINTS (EQUALITY AND INEQUALITY ) ARE SATISFIED WITHIN THE

INPUT TOLERANCES IF

P2 LE 1.0 .

THUS, ON TARGETING PROBLEMS IF P2 LE 1.0, THEN A SOLUTION HAS

BEEN COMPUTED. NOTE THAT THIS CONDITION IS SUFFICIENT BUT NOT

NECESSARY, SINCE IF P2 LE NAG THE CONSTRAINTS MAY PE SATISFIED.

ON OPTIMIZATION PROBLEMS, THE FOLLOWING ADDITIONAL _FSTS MUST

BF MADE

A) CTHA GE CONEPS(I)_

AND

El R|J) C-E O.O, FOR ALL J = I,NAC,

WHERE CTHA IS THE ANGLE BETWEEN THE COST GRADIENT AND THE PRO-

JECTION OF THE COST GRADIENT ONTO THE INTERSECTION OF THE LINEAR-

IZED ACTIVE CONSTRAINTS, AND PlJ) ARE THE COFFFICIENTS OF THE

EXPANSION OF THE COST GRADIENT IN TERMS OF THE INDIVIDUAL ACTIVE

CONSTRAINT GRADIENTS. CONDITION B IS A MATHFMATICAL STATEMENT

CF THE FACT THAT, AT THE OPTIMUM9 NO FEAKIBLF DIRECTION CAN HAVE

AN ANGLE OF LESS THAN qO DEGREES BETWEEN IT AND -GIII).

IN ADDITION, POST ALSO CONTAINS SEVERAL ITERATION CREEP

IEST_. THESE TESTS ARE DESIGNED TO PREVENT 1HE ITEPAIION FROM

PROCEEDING WHEN NO PROGRESS IS BEING MADE. THESE TESTS ARE

A) ABS (UMAG-OLDU)/UMAG

B } ABS(IPINOM-OLDP]|IP|NOM)

C) ABS((P2NOM-OLDP2)/P2NOM)

D) ABS((G2MAG-OLDG2)/G2MAG)

LE CONEPS(2)

LE CONFPS(3I

LE CONFPS(A)

LF CONFPS|5)

IF ALL nF THESE CHECKS ARE SATISFIED ON TWO SUCCFSSIVE ITERA-

TIONS, THEN THE MESSAGE

_*_ NO CHANGE IN STATE DURING 2 CONSECUTIVF ITERAIIONS
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IS PRINTED AND THE ITERATION IS TERMINATED BFCAUSE NONE OF THE

PARAMETERS ARE CHANGING. IN GENERAL• THIS MEANS ThAT THE PROGRAM

HAS CONVERGED PUT NOT TO THE DESIRED SOLUTION. IF THIS MESSAGE

APPEARS _ THEN THE PROBLEM SET-UP SHOULD BE CHECKED BEFORE

ADDITIONAL ITERATIONS ARE ATTEMPTED.

SUMMARY

BASED UPON THESE DEFINITIONS AND Ct_CEPTS• THE E_ASIC POST

TA_,GFIING AND OPTIMIZATION MACROLOGIC CAN BE OUTLINE AS FOLLOWS -

STEP 1.0 - READ IN THE INITIAL VALUES OF U(T).

STEP 2.0 - PROPAGATE THE NOMINAL TRAJECTORY AND CALCULATE

PI• WE(I)• AND P2.

STEP 3.0 - COMPUTE GI(I)_ SMAT(I,J)• AND G2(I).

STFP 4.0 - COMPUTE THE DIRECTION OF SEARCH DU(I) BASED ON SRC/_M.

STEP 5.0 - IF P2 GT I.O• DETERMINE GAMAST SUCH THAT

P2(U(I)_GAMAST*DU(I|) IS MINIMIZED_ WHERE

0.0 C-E C-AMAST LE MINIGAMAX,_TPMAX).

STEP 6.0 - IF P2 LE ].0• DETERMINE GAMAST SUCH THAT

P|NETIUII)+GAMAST*DUII)) IS MINIMIZE, WHERE

0.0 GE GAMASI LE MINIFCICC_'UMAGtSTRMAX)•

THFN A RETARGFT]NG STEP IS TAKEN AS IN STEP 5.0

WITHOUT RECOMPUTING 1HE SENSITIVITY MATRIX.

__TEP 7.0 -UPDATE lq_E INDEPENDENT VARIABLES

It(I) = U(I) ÷ GAMASTW_DU(I)

STEP B.O - TEST FOE CONVERGENCE. IF CONVFRGFD_ THEN EXIT.

IF NDT CONVERGED AND ITERATION Cf_UNTFR LF MAXITR•

THEN RE_URN TO STEP 2.0.
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THERE ARE SEVERAL INPUT VARIABLES ASSOCIATED WITH THE

TARGETING/OPTIMIZATION ALOGRITHM. THESE VARIAPLES ARE INPUT IN

NAMELIST SEARCH AND ARE AS FOLLOWS -

INPUT STOR ED

SYMBOL UNITS VALUE DEFINITION

CONEPS(]) DEG

CONEPS(2| N/D

CDNEPS{3) N/D

CONEP S14) N/D

CCNEPS{5) NID

CC_NSEXII | DECIMAL

8g.Q

O.IC

0.I0

0.10

0.I0

I .0 E-6

CONVERGENCE TOLERANCE ON THE ANGLE

BETWEEN ThE OPTIMIZATION VARIABLE

GRADIENT _ND ITS PROJECTION ONTO

THE PLANE TANGENT TO THE INTER-

SECTION _F THE CONSTRAINT

(DEPFND_NT VARIABLE) SURFACES.

IF CTHA IS GREATER THAN OR EQUAL

TO CONEPSII)y THE VARIABLE IS

OPTIMIZED FOR THE GIVEN CONTROL

PARAMETFRS.

THE MINIMUM ALLOWAPLF RELATIVE

CHANGE IN THE MAGNITUDE OF THE

CONTROL PARAME'_ERS BETWEEN

SUCCESSIVE ITERATIONS.

THE MINIMUM ALLOWABLE RELATIVE

CHANGE IN P! ON SUCCESSIVE

ITERATIONS.

THE MINIMUM ALLOWABLE RELATIVE

CHANGE IN P2 ON SUCCESSIVE

ITERATI ONS.

THE MINIMUM RELATIVE CHANGE IN THE

VALUES OF GPMA_ ON SUCCESSIVE

ITERATIONS,

RELATIVE DIFFERENCE BFTWEEN TWO

CONSECUTIVE DPTIMIZATInN TRIAL

STEPS BE FORF CURVE FIT PROCESS IS

TERMINATED.

IF ABS((GAMA(I)-GAMA{I-I))/GAMA{I))

IS LESS THAN CONSFX(I)t THEN NO MORE

TRIAL -_TEPS APE TAKEN TO MINIMIZE P1.
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INPUT

SYMBOL UNITS

STORFD

VALUE DFFINITION

CONSEX(21

FITERR(| )

FITERR(2)

MAXITR

DECIMAL

DEC IMAL

DECIMAL

INTEGER

.001

I .OE-6

.00 1

10

RELATIVF DIFFERFNCF BETWEEN TWO

CONSECUTIVE TARGETING TRIAL STEPS

BEFORE CURVE FIT PROCESS IS TERMIN-

AIED.

IF AB_((C-AMA(1)-GAMA(I-I))/GAMA(1))

IS LESS 1HAM CONSFX(2)_ THEN NO MORE

TRIAL SIFPS APE TAKEN TO MINIMIZE P2.

RELATIVE DIFFEPENCE BETWEEN TWO

CONSECUTIVE OPTIMIZATION IRIAL

VALUES EEFORE CURVE FIT PROCESS IS

TERMINATED.

IF ABSI (PITRY( I)-P]TRY(I-I))/P|TRY(II

IS LESS THAh, FITERR(]), THEN NO MCRE

TRIAL STEPS ARE TAKEN TO MINIMIZE P].

RELATIVE DIFFERFNCF EFTWEEN TWO

CON._ECLITIVE TARGETING TRIAL VALUES

BEFORE CURVE FIT PROCESS IS TERMIN-

ATED.

IF ABS((P2TRY(1)-F2TRYII-I))/P2TRY(I)

IS LESS THAN FITERR(2)_ 1HEN NO MORE

TRIAL SIFPS ARE IAKEN TO MINIMIZE P2.

MAXIMUM NUMPER CF ITERATIONS DURING

SEARCH/OPTIMIZATION. IF MAXITR IS

INPUT A._ ZErO AND SRCPM AS NONZERO,

THEN A SINGLF TRAJECT(_RY WILL BE RUN

USING T_F INPUT Ill I) VALUES FOR THE

VARIAFLES SPECIFIED BY INDVRII).
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----m-- _.

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

P2MIN DECIMAL I.O

SPCHM INTEGER 0

THE PROBLEM I._ CONSIDERED TARGETED

IF P2 (THE MAGNITUDE OF THE ERROR

VECTOR E|I)) IS LESS THAN P2MIN.

HENCE IF OPT = 0.0, AND P2 IS LESS

THAN P2MIN, TH r PROBLEM IS SOLVED

AND THE SFARCH IS TERMINATED. NOTE

THAT NO OPTIMIZATION IS ATTEMPTED

UNLESS P2 IS LESS THAN P2MIN. IT

SHOULD BE Nf_TED THAI ALL DEPENDENT

VARIABLES WILL BE WITHIN IHE SPEC-

IFIED TOtERENCFS WHEN P2 IS LESS

THAN 1.0. THERFFf'RE, P2MIN SHOULD

GENERALLY INPUT EQUAL TO I.O, EXCEPT

ECR UNCONSTRAINED OPTIMIZATION TYPE

PROBLEM._t IN WHICH CASE IT SHOULD

BE INPUT LESS THAN THE ESTIMAIED

MINIMUM {_F THE VARIABLE SPECIFIED

PY OPTVAR.

CONTROLS THE TECHNIQUE USED FOR

SEARCH/f_PT]MIZ AT IF_N.

= O, NO $FARCH/OPTIMIIATION.

IGNORE ALL SFARCH/DPTIMIZATON

INPUT.

= It USE STEEPEST DESCENT METHOD

TO MINIMIZE P2.

= 2, USE CDNJUCATE GRADIENT METHOD

TO MINIMIZE P2.

= 3, USE DAVIDC_ METHf'D TO MINIMIZE

P2.

= 4, USE PROJECTED GRADIENT MEIHOD

TO MIN]MITE P2. IF OPT IS Nt_-

ZERO, {!PTVAR WILL BE OPTIMIZED

SUBJECT Tf _ P2 LESS THAN P2MIN.

THIS TECHNIQUE SH[_ULD BE USED

FOR ALL SFARCH/OPIIMIZATION.

= 5, USF ACCELERATED PROJECTED

PROJECTED GRADIEN1 METHOD.



PAGE 5.D.O. t5

_.

5.D. TARGETING/OPTIMIZATION ALGORITHMS (CONTD}

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

STMINP DECIMAL .|

STPMAX DECIMAL 1.E 10

WCON DECIMAL I00 .O

MAXIMUM RELATIVE CHANGE THAT A TRIAL

STEP IS ALLOWED TO BE REDUCED BY

BASED UPON THE CURVE FIT. ONLY VERY

UNUSUAL PROPLEMS REQUIRE CHANGING

THIS PARAMETER. SOMETIMES A QUAD-

RATIC CURVE FIT MIGHT PREDICT A

MINIMUM AT ].OF-]O TIMES THE PREV-

IOUS SIEP IF T_E FUNCTION INCREASED

TOO RAPIDLY ON THAI PRFVIDUS STEPI

WHEN IN FACT A STEP OF .] TIMES THE

PREVIOUS STEP WOULD PRODUCE A MUCH

MORE REALISTIC VALUE.

MAXIMUM ABSOLUIFED CHANGE ALLOWED

IN MAGNITUDF OF WEIGHTED CONTROL

VECIOR.

WEIGHTING Cf_NSTANT FOR P2 WHEN OPT

IS NONZER£ _ AND SRCHM IS NO1 EQUAL TO

FOUR. F2 IS SFT FOUAL TO WOPT*P] *

WCONW_P2. TPEREFCRE, TO MINIMIZE THF

AUGMENTED P2 IS EQUIVALENT TD SIMUL-

TANEOUSLY MINIMIZING P2 AND OPTIMIZ-

ING PI.
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THE PROC_RAM PRINTS VARIOUS AMOUNTS OF In!FORMATION FOR EACH

ITERARIDN BASED FIN THE VALUE OF IDEB WHICH IS INPUT IN NAMELIST

SEARCH. THE VARIOUS OPTIONS ASSOCIATED WITH IDE_ ARE SUMMARIZED

AS FOLLOWS -

ID[_ = O, PRINT ONLY THE IIERATION SUMMARIES. THAT

ISt DO NOT PRINT THF TRIAL STEP SUMMARIES.

IDEE : It PRINT THE CENTRAL PROCES._OR (CP) TIME

REQUIRED F_R EACH T_A,IFCTORY, THE TRIAL STEP

SUMMARI_.K, AND T_F ITERATION SUMMARIES.

THE TRIAL _TEP SUMMARIE_ C_NTAIN THE FOLLOWING PARAMETERS -

*** TRIAL STEP

GAMAS

DU

WU(1)

INDVR

INDPH

U(I!

WE(I)

DEPVR

DEPPH

Eli)

P]

OPTVAR

I_PT PH

CPTVL

P2

THE ITERATIPN SUMMARIES (F_TAIN IHF Ft_LIPWING PARAMETERS -

*** ITERATION NUMFE_ I

CP/ITR

DU

PERT

SMAT

G](I)

GIMAG

C-2(I)

G2MAG
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OUTPUT

SYMBOL

PGI (I )

PGIMAG

NAG

IAC

CTHA

DP]DS

DP2DS

_TPMAX

UMAG

DUMAG

PCTCC

STEP

P|TRY

P2TRY

YES

INDVR

INOPP

U(I]

WE(l)

DEPVR
DFPPH

E(1)

PI

OPTVAP

OPTPH

C_PTVL

P2

DFDC

UNITS

(OBTAINED ONLY ON OPTIMIZATION STEPS|

(OBTAINED ONLY ON OPTIMIZATION STEPS)

(OBTAINED C NLY CP_ ThE LA_,T TTEFATION)

DEF INITIC)N

CP/ITR

CTHA

SEC

DEC

THE APOt)NT CF CFNTP_L PR['CE_SOR (CO) T]ME

REQUIRED FOR THE CURR[NT ITERATION.

THE ANGLE BETWEEN THE UNC[INSIRAINED GRADIENT

AND THE PROJECTED GRADIENT FOR Pl. This

ANGLE GOES TC) qO DFC _F. PI IS OPTIMIZED.
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OUTPUT

SYMBOL UNITS DEFINITICN

DFDC ( I ) OPTVAR/

I=It25 DEPVR(])

DPIDS N/D

DP2DS

DUII)

I:1 , 25

I=]_25

N/D

INDVR lI )

SAME AS

DF PVR (I )

GI (I ) N/D

I=I t 25

GIMAG N/D

G2(I) N/D

I=I,25

G2MAG NID

IAC(I }

I=l, 25

NAC

OPTVL

PCTCC

PERT(I)

I:] t 25

INTEGER

INTECER

SAME AS

VARIABLE

IN OPTVAR

N/D

SAME AS

INDVR II )

THE PARTIALS OF THE PERFORMANCE INDEX

(OPTVAR) WIIH PESPECT TO THE ACTIVE CCWW-

STR AINTS.

ThE IgTAL DER]VATIVFS OF Pl AND P2 WITH

RESPECT T_ IHE SIFFSIZE PARAMETER (GAMAS).

A UNIT VECTOR IN THE DIRECTION PF SEARCH.

OBIAINED ONLY IF I_EB = l.

THE IARCET EPPOPS IACTUAL - DESIRED).

THF WEIGHTED GRADIENT CPMPfINENTS FOR P].

THE MAGNITUDF CF IPF WFIGHTED G_ADIENI DE

PI.

THE WEIGHTED GRADIENI COMPONENTS FOR P2.

THE MAGNIIUDE OF THE WFIF-HTFD f-RADIENT OF

P2.

THE INDICES [IF THF ACTIVE CF_STRAINTS.

THE NUMBER OF ACTIVE CON._TRAINI_ _.

IHE VALUF OF THE OPTIMIZATION VARIABLE.

THE MAXIMUM _TFPc_IZF ALL[_WrD FCR OPTIMIZ-

ATI ON.

THE PFRTURFATICN$ IN T_E CONTROL PARAMETERS

USED TO GENERAIE THE SENSITIVITY MATRIX

ISMAI) P.Y MEANS OF FIRS1 DIFFERENCES.
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CffJTPUT

SYMBOL UNITS DEFINITION

PGI(I)

I=1t25

N/D THE WEIGHTED PROJECTED GRADIENT COMPONENTS
Pl.

PGIMAG N/D THE MAGNITUDE OF THE WEIGHTED PROJECTED

GRADIENT OF Pl.

PI N/D THE VALUE OF THE WFIGI-rTED OPTIMIZATION

PENALTY FUNCTION.

P1TRY(I)

P2TRY (I)

I=1 • 6

N/D THE VALUES OF Pl AND P2 FOR EACH TRIAL
STEP.

P2 N/I) THE VALUE OF THE TARGETING PF-NALTY FUNCTION

(WEIGHTED). THE PROBLEM IS WITHIN THE USER

SPECIFIED TOLERANCFS IF P2 IS LESS THAN I.

RATIO lI ) N/D

I=I•4

THE DECIMAL PERCENTAGE CHANC-F IN UMAG• Pit

P2, AND GMAG• RESPECTIVELY• SINCE THE LAST

ITERATION.

SMAT(I,J) DEPVRII)/ THE ELEMENT ¢. OF THE SENSITIVITY MATRIX FOR

I=1,25 INDVR|J) EACH TARGET (DFPENr_ENT) VARIABLE.

J=It25

STEP(I) N/I)

I=l,6
THE VALUE OF GAMAS FOR EACH 1RIAL STEP.

STPMAX N/D THE MAXIMUM STEPSIZE ALLOWED FOR TARGETING.

UII)

I=1•25

SAME AS

IND VR ( I )

THE VALUES OF THE CONTROL PARAMETERS.

UMAG N/I) THE MAGNITUDE OF THE WEIGHTED CONTROL

PARAMETER VECTOR (WUII)•I:ItNINDV).

WET I) N/D

l:I • 25

THE WEIGHTED ERRORS. WEII) IS E_UAL TO

E(I) DIVIDED BY DFPTL(I).

YES(I) N/I)

I=I,b
THE VALUE OF PI (C_ P2) OBTAINED FROM THE

CURVE FIT ROUTINF FOR EACH TRIAL STEP.
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6, TRAJECTORY SIMULATION INPUTS

THIS SECTION DESCRIBES THE TRAJECTORY SIMULATION INPUTS.

THE PROGRAM HAS FOUR BASIC CATEGORIES OF INPI_ WHICH DEFINE

THE SPECIFIC COMPUTATIONAL OPTIONSt THE BASIC VEHICLE INPUTS,

THE TYPE OF STEERING COMMANDS, AND THE TABLE DATA USED TO

DEFINE TIME VARYING VEHICLE CHARACTERISTICS.,.

THESE CATAGORIES OF INPUT ARE CLAgSIFIED A._ [] I GENERAL

SIMULATION OPTIONS, (2) METHODS OF GUIDANCE (STEFRING), {3) TABLE

MULTIPLIERS, AND (4)TABLE INPUT FORMAT.
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THE SELECTION OF GENERAL SIMULATION OPTIONS IS ACCOMPLISHED

BY THE USER ASSIGNING PARTICULAR VALUES TO THE PPOGPAM CONTROL

ARRAYs, NPC(I). THE ELEMENTS OF THIS ARRAY APE USED INTERNALLY
TO SELECT THE APPROPRIATE CALCULATIONS FOR THE OPTIONS SELECTED.

THUSt ALTHOUGH THE PROGRAM Cf3NTAINS NUMEROUS OPTIONS. ANY USER
WHO DOES NOT INTEND TO USE ALL OF THE PROGRAM CAPABILITIES IS

NOT PENALIZED IN TERMS OF RUN TIME. "THE INPUTS CORRESPONDING

TO THE OPTILff_S SELECTED VIA THE NPC ARRAY MU._T E.E SPFCIFIED

AS INPUT IN NAMELIST GENDAT UNLESS THE STORED VALUES ARE TO

BE USEDt IN WHICH CASE THE VARIABLES NEED NOT BE INPUT.

ALL CCNSTANT VALUED INPUI ASSOCIATED WIIH "/HE SIMULATION

AND THE AUXILARY CALCULATION OPTIONS APE PRE-_ENT_D IN THIS

SECTION.

INPUTS ARE GENERALLY REQUIRED F_R THE FCLL[WING OPTIONS

IN DRD, ER TO PRODUCE MEANINGFUL _IMULATI_S. THE SE(.TIONS FOR

EACH OF THESE OPTIONS SHOUL_ EE REVIEWrD TO SEE WHICH OPTIONS

ARE REQUIRED AND THE INPUTS PEC_UIPED FOR THOSE OPTIONS.

l. AERODYNAMIC INPUTS

2. AERPHEATING CALCULATIONS

3. ATMOSPHERE MODEL/WINDS INPUI- _

4. FVFNT CRITFRIA/P_ASE DEFINITIFN INPUTS

5. GRAVITATIONAL INPUTS

b. METHODS OF GUIDANCE (SIEERINC-)

7. INITIAL POSITION AND VELOCITY

8. NUMERICAL INTEGRATION METHODS

q. PR OPULS ION fIHR _ITL Ih!G INPUTS

IO. VEHICLE/PP_PELLANT WFIFHT INPUIS

ALL OPTIONS WPICH ARE NOT LISTED AEOVE SHOLILD _E REVIEWED

ONLY IF THEY ARE DESIRED. C_THERWISF THE INPUTS FOR THE A_OVE

LI_T ARE ALL THAT ARE REQUIRED TO PRODUCE MEANINGFUL SIMULATION

FOR MOST PROBLEMS.
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THIS SECTION PRESENTS THE INPUT AS._OCIATFD WITH THE

AERODYNAMIC CHARACTFRISTICS OF THF VEHICLE.

THF AER[_DYNAMIC FORCE COEFFICIENT_ IN PITCH CAN OPTIONALLY

BE INPUT AS AXIAL AND NORMAL FORCE COEFFICIENTS IF NPCI8)=!

DR AS LIFT AND DRAG FORCE COEFFICIENTS IF NPC(_:)=2.

THE AERODYNAMIC MOMENTS CAN OPTIONALLY BE CALCULATED BASE

ON DIFFERENT CENTER OF PRESSURE LOCATIONS FOR THE AXIAL, SIDEr

AND NORMAL FORCES. THIS OPTIC;N IS OBTAINED WHEN THE FLAG IAEROM

IS INPUT EOUAL TO ] IN NAMELIST GENDAT. THE AERODYNAMIC MOMENTS

FOR THIS OPTION ARE COMPUIED AS FOLLOW_ -

AMXB = OSPEFW, DPEFR_,CLL -_ FAZ_:_(CPNYR-YCC-I + FAYB_'(CPYZR-ZCG]

AMYP = QSREF'_DREFP_CM - FAXB'=(CPAZR-ZCG) + FA/B:q'ICPNXR-XCG)

AMZB = QSREF,_DREFYW, CW - FAYB,_(CPYXR-XCG) -FAXB'='ICPAYR-YCG)

WHERE - CPNYR = GENTAB(CPNYRT)

CPYZR = GFNTAB(CPYZRI]

CPYXR -- GENTAB(CPYXRT)

CPAYR = GENTAB(CPAYRT|

CPNXR - GENTAB(CPNXRT)

CPAZR = GENIAB(CPAZRT)

THE FOLLOWING RFLATIONSHIPS APPLY WHEN THEPF TS A SINGLE

CENTER OF PRESSUQE FOR ALL FORCES -

CPAYRT = YREFTt CPAZRT = ZREFTt

CPNXRT = XREFTt CPNYRT = YREFT,

CPYXRT = XREFT, CPYZRT = ZPEFT,

ALL OF THE AERODYNAMIC C_.EFFICIE_'T_ IRE INPUT AS TABLES

IN NAMELIST TAB.

ALL CONSTANT INPUT VARIABLES FOR TOE AERODYNAMIC OPTIONS

ARE INPUT IN NAMELISI GENDAT. THESE VARIAPLES ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

NPC(8) INIEGER I AERODYNAMIC COEFFICIENT FLAG.

: O, NO AERODYNAMIC COFFFICIENTS.

-- 1, ]E'PIIT 1APLES CF AXIAL FORCE

AND NORMAL FORCE COEFFICIENTS.

= 2t INPUT IABLES OF _RAG FORCE

AND LIFT FPPCF COEFFICIENTS.

= 4_ SAMF A; OPTION NPCIS)=2t EXCEPT

THA! VISCOUS AERO CORRECTIONS

ARF ADDED TO CL AND CD.
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INPUT STOR ED

SYMBOL UNITS VALUE DEFINITION

AEXP N/I) .64 AXIAL EXPONENT. USED IN CALCULATION

OF VISCOUS CORRECTIONS IF NPCI8)=4.

CINF N/D 1.0 CHAPMAN-RUBESIN VISCOSITY COEFF-

ICIENT. USED IF NPC(B):4.

DREFP FT

DREFP (M|

DREFY

0.0 THE AERODYNAMIC REFERENCE

DIAMETEP FOR ROLLt PITCH AND YAW,

RESPECTIVELY. USED TO CALCULATE

THE AERODYNAMIC MOMENTS IN ROLL,
PITCH AND YAWt RESPECTIVELY.

IAEROM INTEGER 0 FLAG CONTROLLING THE CALCULATIONS OF

AERODYNAMIC MOMENTS.

= Ot USF XRFFT, YREFT, AND ZREFT.

= It USE CRRYRTt CPRZRTt CPPXRT,

CPPYRTt CPYXRT, AND CPYZRT.

LREF FT O.

(M)

REFERENCE LFNGTH USED IN THE

CALCULATION OF REYNOLDS NUMBER°

SREF FT*_2 O.

IM2)

THE AERODYNAMIC REFERENCE AREA USED

TO COMPUTE THE AFRODYNAMIC FORCES

WHFN NPC(8|=I t2.

VINFI N/D .007 INVISCID VALtlF OF RAREFACTION

PARAMETER. USFD IF NPC(B|=4.

ALL AERODYNAMIC COEFFICIENTS CAN _E INPUT _S CONSTANTt
MONOVARIANTt BIVARIANTt OR TRIVARIANT TABLES. THIS CAPABILITY

COUPLED WITH TIIE MNEMONIC MULTIPLIERS GIVES THE USER A GREAT

DEAL OF FLEXIBILITY CONCERNING HOW THE AERODYNAMIC COEFFICIENTS

ARE TO BE INPUT. THE COEFFICIENTS CAN BE INPUT DIRECTLY AS

COEFFICIENTS OR AS COEFFICIENT SLOPFS. THIS IS ACCOMPLISHED

BY USE OF THE MNEMONIC MULTIPLIER FOR A GIVEN TABLE.
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THE MNEMONIC MULTIPLIER IS INPUT AS THF NAME OF ANY COMPUTED

VARIABLE IN THE OUTPUT VARIABLE LIST. THE C(_EFFICIENT FOR A

GIVEN TABLE IS THEN THE TABLE LOOK-UP VALUE FOR THAT TABLE

MULTIPLIED PY THE VALUE OF IHE VARIABLE DEFINED AS THE

MNEMONIC MULTIPLIER. ANY MNEMONIC MULTIPLIER WHICH IS INPUT

AS 3HONEr IS DEFINED TO EE 1.O WITHIN THE PROFRAM. 1HE TABLES

FOR THE ZERO ALPHA AND PETA CONDITION_ DO NOT HAVE MREMONIC

MULTIPLIFRS.

THE MNEMONIC MULIIPLIEPS APE INPIIT IN NAMELIST TBLMLI

AND ARE AS FOLLOWS -

INPUT STORFD

SYMBOL UNITS VALUE DEFINITION

CADANM HOLLERITH DELA

CADENM DELE

CADRNM DELR

CAF IN

I:1,3

CANM

HPLLERI TH DELFI

HOLLERITH ONE

CDDANM HOLLERITH DFLA

CDDENM DELE

CDDRNM DELR

CDF IN

1:1,3

CDNM

HOLLER]TH DFLFI

HOLLERITH ONE

CLDANM HOLLERITH DELA

CLDENM DELE

CLDRNM DFL R

CLFIN

1:I,3

CLLBNM

HOLLERITH DELFI

HPLLER ITH ONE

CLLDAN HOLLERITH DELA

CLLDEN DFLE

CLLDRN DELR

THE MNEMONIC Mt'LTIPLIERS" FOR IHE

CADAT, CAPET AND CADRT TABLES.

THE MNEMONIC MULTIPLIER FOR TABLE

CAFIT.

THE MNFM{'NIC MULTIPLIER FOR TABLF

CAT.

THE MNEMPNIC MULTIPLIERS FOR THE

CDDAI, fDDET AND CDDRT TABLES.

THE MNEM_F!IC MttLTIPLIFR FOR TABLE

CDFI7.

THE MNEMCINIC MULTIPLIER FOR TABLE

COT.

THE MNFMONIC MULTIPLIERS FOR THE

CLDAT, CLDET AND CLDRT TABLES.

THE MNEMPNIC MULTIPLIER FOR TABLE

CLFIT.

THF MNEMONIC MULTIPLIER FOR THE

CLLBT TA_LE.

THE MNEMflNIC MULTIPLIERS FOR THE

CLLDAT, CLL_EI AND CLLDRT TABLES.
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INPUT STORED

SYMBOL UNITS VALUE DEFINITION

CLLFIN

I=It3

CLLPNM

CLLRNM

CLNM

CMANM

CMDANM

CMDENM

CMDRNM

CMFIN

1:1,3

CMQNM

CNANM

CNDANM

CNDENM

CNDRNM

CNF IN

I:l,3

CWBNM

CWDANM

CWDENM

CWDRNM

CWFIN

I=I,3

HOLLERITH DELFI

HOLLERITH PNO

HOLLERITH RNO

HOLLERITH ONE

HOLLERITH ONE

HOLLERITH DELA

DELE

DELR

HOLLERITH DELFI

HOLLERITH ONO

HOLLERITH ONE

HOLLERITH DELA

DELE

DFLR

HOLLERITH DELFI

HOLLERITH ONE

HOLLERITH DELA

DELE

DELR

HOLLERITH DELFI

THE MNEMONIC MULTIPLIER FOR TABLE

CLLFIT.

THE MNEMONIC MULTIPLIER FOR TABLE
CLLPT.

THE MNEMONIC MULTIPLIER FOR TABLE

CLLRT.

THE MNEMONIC MULTIPLIER FOR TABLE
CLT.

THE MNEMONIC MULTIPLIFR FOR TABLE

CMAT.

THE MNEMONIC MULTIPLIERS FOR THE

CMDAT_ CMDET AND CMDRI TABLES.

THE MNEMONIC MULTIPLIER FOR TABLE

CMFIT.

THE MNEMONIC MULTIPLIER FOR IABLE

CMOT.

THE MNEMOMIC MULTIPLIER FOR TABLE

CNAT.

THE MNEMONIC MULTIPLIERS FOR THE

CNDAT, C_DET AND Ch'DRT TABLES.

THE MNEMONIC MLILTIPLIER FOR TABLE

CNFIT.

THE MREMONIC MIILTIPLIER FOR TABLE

CWBT.

THE MNEMONIC MULTIPLIERS FOR THE

CWDAT, CWDET AND CWDRT TABLES.

THE MNEMONIC MIILTIPLIER FOR TABLE

CWFIT.
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INPUT STOR ED

SYMBOL UNITS VALUE DEFINITION

CWPNM HOLLERITH PND THE MNEMONIC MULTIPLIER FOR TABLE

CWPT.

CWR NM HOLLERITH RND THE MNEMONIC MIILTIPLIER FOR TABLE

CWPTo

CYBNM HOLLERITH ONE THE MNFMONIC MIPLTIPLIER FOR TABLE

CYBT.

CYDANM HOLLERITH DELA

CYDENM DEL E

CYDRNM DELR

IHE MNEMP, NIC Mt'LIIPLIERS FOR THE

CYDAT, CYDFI AND CYDRT TABLES.

CYF IN

1=I,3

HOLLERITH DELFI THE MNEMONIC MtILTIPLIER FOR TABLE

CYFIT.

THE TAFLES FOR THF AERODYNAMICS MODULE ARE INPUT IN

NAMELIST TAR AND ARE AS FOLL[,WS -

INPUT STO R ED

SYMBOL UNITS VALUE DEFINITInN

CADAT

CADET

CADRT

CAFIT

I=lt3

N/D 0.0

N/D O. 0

CAI OT NID 0.

CAOT N/9 O.

CAT N/D O.

AXIAL FORCE COEFFICIENT TABLES

FOR THF AILERON, ELEVATOR AND

RUDDER CP_TROI SURFACES. USED

IF NPC(_):I.

T_E AXIAL FPRC r COEFFICIENT TABLE

FOR FLAP I. USED IF NPC{8)=I.

TABLE OF INVISCID AXIAL COEFFICIENT

AT MAXIMUM L/D. USED IF NPC(8)=4.

AXIAL FOPCE COEFFICIENT TABLE FOR

ZERO ALPHA. USFD IF NPC(8)=I.

AXIAL F('nCE COEFFICIENT TABLE.

USED IF NPC(P_)=].
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INPUT STORED

SYMBOL UNITS VALUE DEFINITION

CDDAT

CDDET

CDDRT

CDFIT

I=lt3

NID 0o0

NID 0.0

CDOT NID 0.

CDT N/D 0.

CLDAT

CLDET

CLDPT

CLFIT

I=It3

N/I) 0.0

N/D 0.0

CLLBT N/D 0.0

CLLDAT

CLLDET

CLLDRT

CLLFIT

I=1,3

N/D 0.0

N/D 0.0

CLLOT NID 0°0

CLLPT N/D 0.0

DRAG FORCE COEFFICIENT TABLES

FOR THE AILERON_ ELEVATOR AND

RUDDER CONTROL SURFACES. USED

IF NPC(_)=2o

THE DRAG _ORCE COEFFICIENT FOR

FLAP I. USED IF NRC|8)=2.

DRAG FORCE COEFFICIENT TABLE FOR

ZERO ALPHA. USED IF NPC|8)=2.

DRAG FORCE COEFFICIENI IAE_LEo

USED IF NPCt8)=2.

LIFT FORCE COEFFICIENT TABLES

FOR THE AILFRDN, ELEVATOR AND

RUDDER CONTROL SURFACES. USED

IF NPC|S)=2.

THE LIFT FORCE COEFFICIENT FOR

FLAP To USED IF NPC(S)=2.

THE ROLLING MOMENT COEFFICIENT

PER DEGPEE PFTA.

ROLLING MOMENT COFFFICIFNT TABLES

FOR THE AILrRO_,'t ELEVATOR AND

RUDDER CONTROL SURFACFS.

THE RF)LLING MOMENT COEFFICIENT

FOR FLAP I.

THE ROLLING MOMENT COEFFICIENT

FOR ZERO ALPHA AND BFTA.

THE ROLLING M{_MENT DAMPING

DERIVATIVE COEFFICIENT DUE 10 "IIHE

NON-DIMEN£IONAL ROLL RATE.
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INPUT STORED

SYMBOL UNITS VALUE DEFINITI(_N

CLLRT N/D 0.0

CLOT N/I) O.

CLT N/D 0.

CMAT N/D 0.0

CMDAT

CMDET

CMDRT

CMFIT

I=1t3

N/I) O.O

N/D 0.0

CMOT N/D C.O

CMQT N/D 0.0

CNAT N/D O.

CNDAT

CNDET

CNDRT

CNFIT

I=1,3

N/D 0.0

NID 0 .O

CNOT N/D 0.

THE ROLLING MOMENT DAMPING

DERIVATIVE COEFFICIENT DUE

NON-DIMENSIONAL YAW RATE.

TO THE

LIFT FORCE COEFFICIENT TABLE FOR

ZERO ALPHA. USED IF NPC(8)=2.

LIFT F_RCE COEFFICIENT TABLE.

USED IF NPC(8)=2.

THE PITCPINF MOMENT COEFFICIENT

TA6LE PER DEGRFE _.LPHA.

PITCHING MOMENT COEFFICIENT TABLES

FOR THE AILERON, ELEVAIOR AND

RUDDER C_NTRCL SURFACES.

THE PITCHING M(_MENT COEFFICIENT

TABLE FOR FLAP I.

THE PITCHING MFIMENT Cf_EFFICIENT

FBR ZERO ALPHA.

THE PITCHING MOMENT DAMPING

DERIVATIVE COEFFICIENT DUE TO

NON-DIMENSIONAL PITCH RATE.

THE

N_RMAL F{_RCE CCEFFICIENT TABLE.

THE NORMAL FORCE COEFFICIENT SLOPE

CAN PE INPUT AS CNAT IF IHE MNEMONIC

MULTIPLIER CNANM = 5HALPHA, IS INPUT

IN NAMELIST TPLMLT. USED IF NPC{B)

"I.

N_RMAL FOPCE COEFFICIENT TABLES

FOR THE AILERON, ELEVATOR AND

RUDDER C{_iTPOL SURFACES. USED

IF NPC (F_)=].

THE NORMAl. FORCE COEFFICIENT

TABLF FCR FLAP ]. IISED IF

NPC(_)=].

N_RMAL FORCE CF_EFFICIENT TABLE FOR

ZERC ALPHA. USED IF NPC(8)=|.
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INPUT STORED

SYMBOL UNITS VALUE DEFINITIC_N

CPAYRT FT 0.0

(M)

CPAZRT FT C .0

(M)

CPNXRT FT 0.0

(M)

CPNYR T FT 0.0

(M)

CPYXRT FT 0.0

(H)

CPYZRT FT 0.0

(HI

CWBT N/D 0.0

CWDAT

CWDET

CWDRT

CWFIT

I=l,3

N/D 0.0

N/D O.O

CWOT N/D 0.0

CWPT NID 0.0

CWR T N/D 0 .O

CYBT N/D O.

THE L_CATION OF THE AXIAl FORCE

CENTER _2F PRESSURE ALONG THE YR AXIS.

THE LPCAII[IN OF THE AXIAL FORCE

CENTER PF PRFS-_URE ALONG THE ZR AXIS.

THE LOCATION OF THE NCPMAL FORCE

CENIER _F P_ESSURE ALONG THE XR AXIS.

THE I_,nCATION OF THE NORMAL FORCE

CENTER OF PRFSSURE ALONG THE YR AXIS.

THE LOCATION OF THE SIDE FORCE

CENTER OF P:ESSURF ALONG THE XR AXIS.

THE LOCATj(_N OF THE SIDE FORCE

CENTFR PF P_FSSURE ALCNG THE ZR AXIS.

THE YAWINF, MOMENT COEFFICIENT

TABLE PE D DEGRFE PETA.

YAWING MPMENT COEFFICIENT TABLES

FOR IHE AILERON, ELEVATOR AND

RUDDER C[_NIROL SttRFACFS.

THE YAWINC_ M_MrNT COFFFICIENT FOR

FLAP I.

THE YAWINg, MOM,FNT COEFFICIENT

FOR ZER,O t_,[_A.

THE YAWING MOMENT DAMPING

DERIVATIVE COEFFICIENT DUE TO THE

NON-DIMENSIONAL ROLL RATE.

THE YAW]F_C_ M?MrNI DAMPING

DERIVA!IVE CPFFFICIENT DUE TO THE

NON-DIM_NSIFTNAL YAW _,ATF.

SIDE FORCE COEFFICIENT TABLE.

THF SIDE FORCE CnEFFICIENT SLOPE

CAN _E If_PUT AS CYBT IF THE

MNEMONIC MULTIPLIER CYBNM = 4HBEIA_

IS INPUT IN NAMELIST TBLMLT.
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OUTPUT

SYMBOL UNITS DEFINITION

CYDAT

CYDET

CYDRT

NID 0.0

CYF IT N/D 0.0

I=1,3

CYOT N/D O.

XREFT FT O.

YREFT (M)

ZREFT

ZLALPT DEG O.

SIDE FORCE COEFFICIENT TABLES

FOR THE AILEROn', ELEVATOR AND

RUDDER CONTROL SURFACES.

THE SIDF FOPCF COFFFICIENT FOR

FLAP ].

SIDE FOPCE COEFFICIENT TABLE FOR

ZERO E_ETA.

TACKLES OF THE AERODYNAMIC REFERENCE

LOCATION ALONG THE XFR, YBRt AND

ZBR AXES, RESPECTIVELY.

ZERO-LIFT ANCLE OF ATTACK TABLE.

USED IF NPC(SI=A.

THE OUTPUTS ASSOCIATED WITH THE AERODYNAMIC CALCULATIONS

ARE AS FOLLOWS -

AMXB FT-LBS

AMYB (N-M)

AMZB

CA NID

CY

CN

CAA N/D

CADA N/D

CADE

CADR

CAFI N/D

I:1,3

CAO NID

CD N/D

CL

CDA N/D

CODA N/D

CDOE

CODR

THE TOTAL AERODYNAMIC MOMENTS AFOUl THE

VEHICLE ROLL, PITCH AND YAW BODY AXES.

AERODYNAMIC AXIAL, SIDE, AND NfIRMAL FORCE

COEFFICIENTS. CALCULATED IF NPC(8)=It2.

TABLE LOOK-UP OF CAT TIMFS CANM.

THE AXIAL FF)PCE COEFFICIENT DUE TO THE

AILERON, ELEVATOP AND RUDDEP DEFLECTIONS,

RESPECTIVELY.

THE AXIAL FORCE COEFFICIENT DUE TO FLAP

DEFLECTION DELFI.

TABLE LOOK-UP OF CADT.

AERODYNAMIC DRAG AND LIFT FORCE COEFFICIENTS.

CALCULATED IF NPCIS)=2.

TABLE LOOK-UP OF (DT TIMES CDNM.

THE DRAG FORCE COEFFICIENT DUE 10 THE

AILERON, ELEVATOR AND RUDDE_ DEFLECTIONS,

RESPECTIVELY.



PAGE 6.A.I.IO

b.A.|o AERODYNAMIC INPUTS (CC'NTD)

OUTPUT

SYMBOL UNITS DEF INITI_N

CDFI N/D

I=I,3

COO N/D

CLA NID

CLDA N/D

CLDE

CLDR

CLF I N/D

I=1,3

CLL N/D

CM

CW

CLLB N/D

CLLDA N/D

CLLDE

CLLDR

CLLFI N/I)

I=1)3

CLLO N/D

CLLP N/D

CLLR N/D

CLO N/D

CMA N/I)

CMDA NID

CMDE

CMDR

THE DRAG FORCE COEFFICIENT DUE TO FLAP

DFF LFCTION DEt.FI.

TABLE LOt_K-UP OF CZ_T,,

TABLE L_OK-UP OF CiT TIMES CLNM.

THE LIFT FHRCF CPFEFICIENT DUE TO THE

AILFRONt ELEVATOR AK_ RUDDER DEFLECIIONSt
RES PECTIVELY.

THE LI_T F_RCE C_EFFICIENT DUE TO FLAP

DEFLECTION DELFI.

IHE AERODYNAMIC _OLLI_'G, PITCHING AND YAWING

MOMENT COFFF!CI_rN!F_ RrSPECTIVELY.

TABLE LOOK-UP O_ CLIPT TIMES CLLBNM.

THE ROLLING MOMENT COEFFICIENT DUE TO THE

AILERON, ELFVATOR AND RItDDEP DEFLECTIONSt

RESPECTIVELY.

THE ROLLING MOMENT CCFFFICIFNT DUE TO FLAP

DEFLECTION DELhi.

TABLE LC_K-UP (_F CItC;_.

THE ROLLING MeNE_'T DAMPI_!G DERIVATIVE

COEFFICIENT DUE TO IHF N_N-DIMFNSIONAL

ROLL RATE.

IHE ROLLING MDMENI DAMPING DERIVATIVE

COEFFICIENT DtlE T_ THE NCN-DIMENSIONAL

YAW RATE.

TABLE LOPK-UP Pr CLOT.

TABLE LOOK-UP OF CMAT TIMES CMANM.

THE PITCHING MOMENT COEFFICIENT DUE TO THE

AILERONt ELEVATOR AND RUDDER DEFLECTIONSt

RES PECTIVE LY.
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OUTPUT

SYMBOL UNITS DEF INIT IOR

CMFI

I:I,?

CMO

CMO

CNA

CNFI

I=1,3

CNDA

CNDE

CNDR

CNFI

I=I,3

CNO

CPAYR

CPAZR

CPNXR

CPNYR

CPYXR

CPYZR

CWB

CWDA

CWDE

CWDR

N/D

N/D

N/D

N/O

N/D

N/D

N/D

N/D

FT

(M)

FT

(M!

FT

(M)

FT

(M)

FT

(M}

FT

(M)

N/D

N/D

THE PITCHING MOMENI COFFFICIENT DUE TO

FLAP DEFLECTION DELFI.

TABLE LOOK-UP OF CMOT.

THE PITCHING MOMFNT DAMPING DERIVATIVF

COEFFICIENT DUE TO THE NON-DIMENSIONAL

PITCH RAIE.

TABLE LOOK-UP OF CNAT TIMES CNANM.

THE NORMAL FORCE CE:EF_ICIENT DUE TO FLAP
DEFLECT IFfN DELFI.

THE NORMAL FORCE CC'EF_ICIENT DtlF TO THE

AILERONt ELEVATOR AND RUDDER DEFLECTIONS,

RESPECTIVELY.

THE NORMAL FORCE COEFFICIENT DUE TO FLAP

DEFLECTION DELFI.

TABLE LOOK-UP OF CNCT.

THE TABLE LCOK-UP CF TABtF CRAYRT

THE TABLE LOOK-UP 9F TAP LE CPAZRI

THF lAdLE LCOK-UP 9F TAELE C PNXRT

THE TABLE LOOK-UP OF TAP, LE CPNYRT

THE IABLF LOOK-UP OF T,eI_LF CPYXRT

THE TABLE LOOK-UP OF TABLE C_YZPT

TABLE LOOK-UP OF CWBT TIMES CWBNM.

THE YAWING MOMENT COEFFICIENT DUE TO THE

AILERON, ELEVATOR AND RUDDER DEFLECTIONSt

RESPECTIVELY.
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['_JTPUT

SYMBOL UNITS DEFINITION
m_m

CWFI NID

I=I,3

CWO NID

CWP N/D

CWR NID

CYB NID

CYDA N/D

CYDE

CYDR

CYFI N/D

I=lt3

CYO NID

DCDV NID

DCLV N/D

DRAG LBS

IN)

FAXB LBS

FAYB (N)

FAZB

LIFT LBS

(N)

OALPHA LB-DEGI

FT**2

(N-DEGI

M2}

THE YAWING MOMENT COFFFICIENT DUE TO FLAP

DEFLECTION DELFI.

TABLE LOOK-UP OF FWI_T.

THE YAWING MOMENT DAMPING DERIVATIVE

COEFFICIENT DUE TO THE NON-DIMENSIONAL

R[)LL RATE.

THE YAWIN(, MOMENT DAMPING DERIVATIVE

CCEFFICIF_;T DUE TO IH_F NON-DIMENSIONAL

YAW RATE.

TABLE LOC]K-LIP OF CYST TIMES CYBNM.

THE SIDE FORCE COEFFICIENT DUE TO THE

AILERON, ELEVATOP AND RUDDER DEFLECTIONS,
RESPECTIVELY.

THE SIDE FORCE COFFFICIFNT Dt_ TO FLAP
DEFLECTICN DELFT.

TAP,LE LOOK-UP OF CYDT.

DELTA CD DUE TO VISCOUS eFFECTS.

IF NPC| 8)=4.

CALCULATED

DELLA CL [)"E TC VTSCCIPS FFFFCTS. CALCULATED

IF NPC{B )=4.

AERODYNAMIC DRAG F_RCF. CALCULATED IF

NPC(5)=I,2,3 AND NPC(_)=II, 2.

AERODYNAMIC FORCE_ IN THE B_DY COORDINATE

SYSTEM. CALCULATFD IF NPC|5)=!_2t3 AND

NPC(8)=],2.

AERODYNAMIC LIFT Fi:PCE. CALCULATED IF

NPC(5)=],2,3 AND NPC(8|=],2.

PRODUCT OF DYNAMIC PRESSURE AND ANGLE OF

ATTACK. USED AS AN AIRLOADS INDICATOR IN

THE PITCH PLANE.
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OUTPUT

SYMBOL UNITS DEF INITION

QALTOT

VINV

XREF

YREF

ZREF

LB-DEG/

FT**2

(N-DEG/

M2)

N/D

FT

(M)

PRODUCT OF DYNAMIC PRESSURE AND THE TOTAL

ANGLE OF ATTACK. USED AS AN AIPLOADS

INDICATOR.

RAREFATION PARAMETER USED TO COMPUTE

VISCOUS EFFECTS.

THE AERODYNAMIC REFERENCE LOCATION ALONG

THE XBRt YBRt AND ZBR AXESt RESPECTIVELY.
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THE AEROHFATING CALCULATIONS ARE 5ELECIFD PY THE INPUT

VARIABLE NPC(|S). SEVERAL OPTIONS ARE AVAILABFLE TO THE USER

THE FOLLOWING VARIABLES ARE INPUT IN NAMELIST GFNDAT FOR

VARIOUS HEATING CALCULATION OPTIONS.

INPUT STORED

EYMBOL UNIT_ VALtlE DEFINITION

NPC(]5) INTEGER 0 AEROHEATING RATF [_PTI['N FLAG.

: C, DO NeT CALCULATE AERGHEATING

RAIF.

= It CALCIILATE AEPCHEATING RATE

(HEAIRX) AND TOTAL HEAT(TLHEA1)

USIe,C_ CHAPMA_ EGUATION FOR

ST AC-NATIC_I P(_INT HEATING.

: 2, OPTAIN THE HEATING RATE USING

HI_T1 AS A TAPLE LOOK-UPo

= ?_ CAtCULA_F HFAlIN6 _ATE AS IHE

PRODUCT [F C!PTIDMS ] AND 2 ABOVE.

- 4_ ONLY CALCULATE THE TURBULENT

HEATING RATE (HTURBD) AND THE

TURPULFNT HE_T {HTUP_} USING THE

TABLE LO[_K-tYP _?F PIRT1 A_ A

MUL_IPLIFP.

= St CALCULATE F['T_ HF_TRT AND HTURBD

A_ IN THE OPTIONS 3 AND 4 ABOVE

TC YIELD THE LAMINAk HEATING

(_LF_FAT) _ND 1HE IUREULENT

HEATINC (_TIIRE).

= E_,_ CALCULATE _FAIRT AS THE MAX-

IMUM CFNTFRLINE PEAT RATE.

HEATK (I) DECIMAL

I=1,3

I D

17600.

26000.

COEFFICIENT. • U_E[ _ IN COMPUTING

CHAPMAN_ FEATI_G PATE. USED IF

NPC(15)=/ t3 _/, .

RHOSL

RN

SLUGS/

FT**3

(KG/M3)

FT

(M)

.0023769

1.0

SEA LEVEL DENSITY USED IN COMPUTING

CHAPMAN. _ HEATING PATF. USED IF

NPCII5)=] _3,_.

NOSE gADIUS USFD IN C{MPLITING CHAPMAn,

hEATING OATF. USED IF NPCllS):It3t4.
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b.A.2 AEROHEATINC_ CALCULATIOf,'S (CONI'D)

THE FOLLOWING TABLFS ARE INPUT IN NAMFLIST TAP FOR THE

VARIOUS HFATING CALCULATION OPTIONS.

INPUT SIORED

SYMBOL UNITS VALUE DEFINIT IC'N

HTRTT P _fl O.

FT**Z-SEC

(WIM2)

THE TABLE OF AFROH_ATING RAIE AS A

FUNCTION CF IHF INPUT ARGUMENTS IF

NPCII5)=2, OP A MVLTIPLIER IN _E USED

IN CALCULATING HEAIINC RAIE IF

NPC(I5)=3,_tS. WHEN USING NPC.(ISI=2t

THF DATA FOP, HTETI ]_. USUALLY GIVEN

A5 A TRIVARIANI FUNCTION OF AIMOS-

PHFRIC RELATIVE VELOCITY (VELAlt

[,PLATE AL.IIIUDF (ALTI'Tt_) v AND ANGLE

OF AITACK (ALPHA).

THE OUTPUTS A._._OCIATFD WITH THE AF_O_F_TI_C, CALCULATIONS

ARE AS FOLLFW_ -

OUT PlWl

SYMBOL UNITE DFF INIT ION

HEATRT B_I/ AERODYNAMIC HEATING RATE.

FT_2-SEC NPC(]5)=]_2t3,4tS.

(W/M2)

_TURF

HTURE [')

'TLI-'EA T

CALCULATED IF

_IU/FT_2 TEE STAGNATION POIN1 HEAIINC FOR TURBULENT

(J/M2) FLOW. CALCULATED IF NPC(IS)=A,5.

F,Ttl/ ThE DERIVATIVE OF HTURR.

F_**2/SEC NPC (151=4,5.

(W/M2 )

(ALCULATED IF

P'TtI/F'T*_2 IOTAL HEA'ro

( J/M2 )

CALCULATED IF ;_PC(l_-)=It2_3tz, tS.
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6,A.3. ANALYTICAL IMPACT POINT CALCULATIONS

THIS OPTION IS NOT AVAILABLE IN 6D POST. THE POINT MASS

VERSION OF POST MUST BE USED TO OBTAIf_ THIS P,PTTGN.





(_.A.L+• ATMOSPHERE MODEL/WINDS INPUTS

PAC-E 6. A.4. 'I_
"m_

THE PROGRAM HA. _ THE CAPABILITY TO SIMULATE ANY ATMOSPHERE

WHICH CAN BE DESCRIBED EY TABLES DF AIMDSPHERIC DENSITY,

PRESSURE, TEMPERATURE, AND SPEED OF SOUND. THE PROGRAM ALSP HA_

TWO SPECIFIC ATMOSPHERE MODELS STORED IN THE PROGRAM FOR USER

CONVFNIFNCE• ATMOSPHERIC WINDS CAN ALSO SELECTED BY USER

INPUT. THE ATMOSPHERE MODEL IS SELECTED FY THE VARIABLE NPCI5).

THE ATMOSPHERIC WINDS ARE SELECTED BY THE VARIABLE NPCIb).

THE FOLLOWING VARIABLES ARE INPUT IN NAMFLISI GENDAT.

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

_IPC 15) INTEGER 2

NPC {6 ) INTEGER 0

ATMOSK(I) DECIMAL

I:l,2

I •

AZWE D_G ]80.

ATMOSPHERE MODEL FLAG.

= O, NC, ATMf>._PFERF.

= ], GE_.'ERAL AIMCSP_FRF USING INPUT

TABLES PREST, AIEMT, CST, DENST,

AND CONSTANTS ATMCSK(1), I--I_2.

: 2, I<)67 STANDARD ATMOSPHERE.

: 3, I_63 PATRICK AFt:" AIMOSPHERE.

ATMOSPHFRIC WINDS FLAC_.

: O, NO WINDS.

: 1, WINDS DFF INFD BY TABLES OF WIND

._PFFD (VWT)+, WIN[++ AZIMUTH (AZWT),

AND VERTICAL COMPONENI (VWWT).

: 2, WINDS DEFINED BY IA_LES CF

NOPTPFPLY (VWt_T), EASTERLY (VWVI),

AND VEPlICAL IVWWI) COMP[,NENT++_.

ATMf_SPHERIC CONSTANIS USED TO
COMPUTE 1HE SPEED {_F FOUND (CS) AND

THE ATMOSPHERIC DFN__ITY {DENS),

PF._PECTIVELY, WHEN U_],",!G T_IE T_ELE

LCOK-UP ATM(_SFHERE C;PII_N_ I.E.,

WHEN NPC(5):].

WIND AZIMUTH PIAS. USED IF NPCI+)

:I. IF A2WB : ]P.e., 1F+E WIND AZlmtJlE

TAP. LE (AZWT) MUST PE I_CPUI IN

MFTEOROLOGICAL TERMS.
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6.A.4. ATMOSPHERE MODEL/WINDS INPUTS {CONTD)

THE FOLLOWING TABLES ASSOCIATED WITH THE ATMOSPHERE MODEL

AND ATMOSPHERIC WINDS OPTIONS ARE INPUT IN NAMELIST TAB.

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

ATEMT DFG R O.

(DEG K)

AZWT DFG O.

CST FT/SEC O.

(M/S)

DFNKT DECIMAL O.

DENST S LUGS/ 0.

F T**3

(KG/M3 )

PREST LB/FT**2 0.

(N/M2)

VWT FT/SEC O.

{ M/S )

VWUT F T/SEC

VWVT I M/S )

VWWT

°

ATMOSPHERIC TEMPERATURE TABLE.

USED IF NPC{5)=I.

WIND AZIMUTH TAFLF. USED IN CON-

JUNCTION WITH VWI WI_[N NPC(6)=].

SPEED fIF SOUND TAPLE. USED IF

NPC (5 ): ] .

A DENSITY MULTIPLIER TABLE WHICH IS

USED TO SIMULATE DENSITY DISPERSIONS.

THE DENSITY FRf?M THE ATMOSPHERE

MODEL _EING USED WILL BE MULTIPLIED

PY THE TAPLF LOOK-UP VALUE OF DENET

WHICH MUST FE INPtlT AS THE DESIRED

DECIMAL PERCENTAGE CHANFE IN DENSITY.

DENS = DENS*(I.0 + DENKT)

ATMOSPHEPIC DENSITY TAP, LE.
IF NPC(5)=I.

USED

ATMOSPHFRIC PR_S_URF TAELE. USED

IF NPC(5)=].

WIND SPEFD T#E_LE. USED IN CON-

JUNCTION WITH AZWT WHEN NPC{6)=I.

TABLES OF WIND SPEED CCMPCNENTS IN

THE NORTH, EASTt AND VERTICAL

DIRECTION_. USED IF /,:PC(o)=2.
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O.A.4. ATMOSPHERE MODEL/NIND_ TNPtFT_ (CONTDI

THE OUTPUTS ASSOCIATED WITH THE ATMOSPHERE MODEL/WINDS

OPTIONS ARE AS FOLLOWS -

OUTPUT

SYMBOL UNITS DEF INITION

ATEM DEG R

(DEG K)

CS FTISFC

(M/S)

DENS SLUGS/

FT**3

( KCIM3 )

DYNP LF/FT**2

( NIM2 )

MACH NID

MACHDT I/SEC

PRES LP/FTtWW2

(NIM2)

R EYNO N/D

UW FTISEC

VW (M/S )

WW

VMU LB-SECI

FT_WW2

(N-S/M2)

ATMOSPHERIC TEMPERATURE.

=lt2t3.

CALCULATED IF NPC(_)

SPEED OF SOUND. CALCtlLATFD IF NPC(5)=It2t3.

ATMOSPHERIC DENSITY. CALCULATED IF NPC(5)

=It2t3. DENS = DFNS*(].O + DENKT)

DYNAMIC PRESSURE. CALCULATFD IF NPC(S)=It2t3.

MACH NUMBER. CALCULATED IF NPC(Sl=It2t3.

RATE OF CHANCE OF MACH WITH RE_c,PECT 10 TIME.

ATMOSPHERIC PRESSURE. CALCULATED IF NPC(5)

=1t2,3.

REYNOLDS NUMBER P_A_ED ON THE REFERENCE LENGTH

LREF. CALCULATED IF NPC(=_)=1_2_3.

COMPONENTS OF THE WIND VELOCITY VECTOR IN THE

GEOGRAPHIC |G) COCRDINATF SYSTEM IN THE NORTH,

EASIt AND DOWN DIRECTIONSv RESPECTIVELY.

CALCULAIED IF NPC(6)=It2.

ATMOSPHERIC VISCOSITY. USED TC) CALCULATE

REYNOLDS NUMBER. CALCULATED IF NPC(5)=It2,3.





6.A.5. C[!NTC CALCULATION OPIIO,_
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THE PROGRAM HAS THE CAPABILITY TO CALCULATE KEPLERIAN CONIC

CONDITIONS FOR EOTH ELLIPTICAL AND HYPERPf_LIC f_PBIT_. THIS

OPTION MUST BE REQUESTED IF ANY CONIC PARAMETERS ARE TO BE USED

FOR TARGETIN(:/OPII M IZAT ION.

THF VARIABLES ASSOCIATED WITH THF CONIC (ALCULATIONS ARE

INPUT IN NAMELIST GENDAT AND ARE A_ F{)ELDW,K -

INPUT STORFD

SYMBOL UNITS VALUE DEFINITION

NPC(I ) INTEGER 0 CONIC CALCULAIION FLAG.

= Or Df_ NOT CALCULATE CONIC PARAMETEPS.

= 1_ CALCULATE CC_IC AT 1HE END OF

EACH TNXECPAIION _¢IEP FUT DO NOT

PEIN1 CONIC PHIal FLOCK.

= 2t CALCULATE AND PnINT COr,_IC BLOCK

ONLY A1 PHASE CHANC;ES.

= 3t CALCULATE CONIC AT 1HE END PF

EACF I_TFCRATIC_' _,IEP AND PRIN1

CCKIC. F,LCCK WITH EACH PRINTOU).

THE CONIC CUTOUT VARIABLES MUST FE RFE,t_E$1FD ]_'DIVIDUALLY

IN THE REGULAR PRINT _LOCK IF NPC(])-I, AS DFSCRIBFD IN SFLTION

b.A.16. THE OUTPUTS ASSOCIATED WITH THE CONIC CALCULAIIONS ARE

AS FOLLOWS -

OUTPUT

SYMBOL UNIT5 DEE INITICN

ALTA N.MI.

(KM)

ALIP N.MI.

(KM)

ANGMCM

APORAD

FI_*Z/

SEC**2

(M2/$2)

FT

(M)

ALTITUDE OF APCC_FF AB(_VE THF (_.LATE PLANET.

CALCULATED IF NPC(]I=It2_3.

ALTITUDE OF PERIGEE AP_VF THE (_FLATE PLANET.

CALCULATED IF NPC(II=I_2t3.

ORBITAL ANGULAR M[_WENTUM. CALCL°LAIED IF

NPC ( 1 )=1_2t3.

GEOCENTRIC RADIUS OF APOGEF. CALCULAIED

IF NPC(I)=]t2t3.
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6.A.5. CONIC CALCULATION OPTION (CCNTD)

_UTPUT

SYMBOL UNITS DEFINITION

APVEL

ARGP

ARGV

DECLIN

DVCIR

ECCAN

ECCEN

ENERGY

HYPV[ L

INC

LAN

LANVF

FT/SEC

DEG

DEG

DEG

FT/SEC

(M/S)

DEG

N/D

FT**2/

SEC**?

(M2/$2)

FT/SFC

(M/St

DE('_

DEG

OFG

INERTIAL VELOCITY AT APOGEE. CALCULATED IF

NPC l|)=It2t3-

ARGUMENT OF PERIGEE. CALCULATED IF NPCI1)

=It2t3-

ARGUMENT OF THF VEHICLE. CALCULATED IF NPC(I)

--It2t3- ARGV IS THE ANGLE PFTWFEN THE

ASCENDING NODE AND THE VFHICLE IN IHE ORBIT

PLANE MEASURED POSITIVE IN THE DIRECTION OF

THE VEHICLE MOTION.

DECLINATION OF THF PUTGOING ASY_PTOIE.

CALCULATED IF NPC(1)=I,2,3.

THE DELTA VELOCITY REOLIIPFD TC_ CIRCULARIZE THE

CURRENT ORBIT. CALCULATFD IF NPC(I )=],2t3.

ECCENTRIC ANOMALY. CALCULA'TED IF

ORBITAL ECCENTRICITY. CALCULATED

=I,2,3.

NPC (1)=1,2,3-

IF NPC(I)

ORBITAL ENERGY. CALCULATED IF K_PC(I)=It2,3.

HYPERBOLIC EXCESS VFLOCIIY. CALCULATED IF

NPC (1)=I,2,3-

ORBIT INCLINATION _NGLE. CALCULATED I_

NPC(I)=I_2,3-

LONGITUDE OF THE ASCENDING NODE EAST CF

PRIME MERIDIAN AT TIMF=O. CALCULAIED IF

NPC (1)=1,2t3.

THF

THE LONGITUDE OF !HE ASCENDING NPDE WITH

RESPECT TO THE VERNAL EQUINOX. THIS VARIABLE

IS COMPUTED ONLY IF NPC( l| AND NPCI3] ) ARE

BOTH INPUT NON-ZERO.
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6.A.5. Ct'_IC CALCULATION OP'TION ICONTD)

OUTPUT

SYMBOL UNITS DEF INITION

MEAAN DOG MEAN ANOMALY. CALCULATED IF NPCII)=]t2,3.

PFRIOD MIN ORBITAL PERIOD. CALCULATED IF NPC(I)=It2t3.

PGCLAT DOG GEOCENTRIC LATITUDE OF PFRIGEE. CALCULAIED

IF NPCfI)=I,2,3. POSITIVE IN IHE NORTHERN

HEMISPHERE.

PGERAD FT GEOCENTRIC RADIUS PF PERIGEE. CALCULATED

(M) IF NPC(11=I,2_3.

PGLON DEF_- INERTIAL LONCIIUDE F_F PEPIGEE MEASURED POSITIVE

EAST OF THE XI AXI. ¢. CALCULATED IF NPC(1)

=It2,3.

PGVEL FT/SEC INERTIAL VELOCITY AT PERIGEE. CALCULATED IF

(MIS) NPC (1}=1,2_3.

RTASC DEG RIGHT ASCENSION OF THE OUTGOING ASYMPTOTE.

CALCULATED IF NPC |I)=1,2t3.

SEMJAX FT SEMI-MAJOR AXIS. CALCULATED IF NPC(I]=It2,3-

IM)

TIMSP MIN TIME SINCE PERIGEE PASSA(':,E. CALCULATED IF

NPC (1):1_2,3.

TIMTP MIN TIME TO PERIGEE PASSAGE. CALCULATED IF

NPC (1)=I,2,3-

TRUAN DEC-, TRUE ANOMALY. CALCULAIED IF NPC(1)=I_2t3.

TRUNMX DFG MAXIMUM 1RUE ANOMALY POR HYPERBOLIC ORBITS.

CALCULATED IF NPCfI)=I,2,3.

VCIRC FT/SEC THE CIRCULAR VELOCITY AT THE CURRENT

(M/SEC| RADIUS. COMPUTED IF NPC(I)=I,2_3.
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6.A.6. EVENT CRITERIA/PHASE DEFINIIICN INPUT IC[_NTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

EVENT(2| DECIMAL O. THE TYPE OF EVENT. THE EVENTS ARE

ASSUMED I0 BE NON-ROVING IORDERED)

UNLESS OVFRRIDDEN BY THIS INPUT.

: 0., NCN-POVI_ (ORDERED) EVENT

: I.t PRIMARY ROVING EVENT

MDL INTEGER ] THE EVENT CRITERIA MENDEL TO P.E USED.

: I_ IGNC'RE THF SIGN OF THE

DE_ IVATIVF

= 2, INITIATE IHE EVEN1 CNLY IF IHE

DEPlVATIVF OF CPlTP IS POSITIVE

= 3t INITIATE THE EVENT ONLY IF THE

DERIVATIVE OF CPlTP IS NEGATIVE

TOL SAME I.E-6

AS THE

CRITERIA

VARIABLE

Tt_F DESIRED ACCURACY TOLERANCE FOR

ThE SPFCIFIFD CRITERIA VARIABLE

(CRIER). THE EVENT WILL OCCUR WHEN

THE ACTUAL VALUE OF CRITR IS WITHIN

THIS TOLFRANCF OF THE DESIRED VALUE.

VALUE DECIMAL I.EIO THE VALUF OF THE CRITERIA VARIAE, LF

(CRITR) _T WHICH THE EVENT IS TO

OCCUR.

THERE ARE OTHER INPUTS CONCERNING THE PHASF/DEFINITION

PROCESS WHICH ACT A._ TERMINAIION PAPAMFTEPS. THESE VARIAFLES

ARE DEFINED AS -

INPUT STORED

SYMBOL UNITS VALUE DEEINITI(,N

ALTMAX FT I.E20

(M|

ALTMIN FT -5000.

(M)

MAXIMUM ALTITUDEt I.E., THE 7RAJECIC'RY

WILL TERMINATE IF THE VALUE OF [._LATE

ALTITUDF (ALTITO) rXCFE.P,_ T_IS VALUE.

MINIMUM ALTITUDE, I.E., THE TRAJECTORY

WILL TERMINATE IF THE VALUE OF OF_LATE

ALTITUDE {ALTTTO) _ECOMFS LESS THAN

THIS VA LI_F.
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6°A.t_. EVFNT CRIlrERIA/PF_ASE DFFIN]TIE'N INPUI I[-_NTD)

INPUT S_OR ED

SYMBOL UNITS VALUE DEFINITIgN

ENDJO_ INTEGER 0

ENDPHS ]NIEGE_ 0

FNDPRB Ih!IFGER 0

FESN DFC IMAL

MAXTIM ._Ef

NPC{I_) I _tXFGFR 0

lO0.

].EIC

END-OF-JOP FLAG.

= O, NC_ THE END CF THE JCB

= 1. END CF THE JCF PEIN6 P_OCESSED

(QFC'UIPF_ I,%PUT FOR EACI_ ,.IC_)

F ND-CF-P_5 E FLAG.

- C, N[_T THe FNFs ?F THE PHASE _EING

] h, PtIT

= 1, Fh:L_ I_F 1HE PHASE [',F]NC INPUI
(_FCLqPFD I_:Pt_T F{"R FACN PHA_E)

END-_F-PP[,FLEM FLA(L.

: _, N_T THr }_,_D F'F THE PPF_FLEM BEING

I_!Pt'l

: ], EN[" PF "THE PP!_LE_ BEING INPUT

(_FL'I;IPF[: I'qPt'T FCR EACH PRCELFM)

THE FINAL FVF_,!T Fc_=UF_;CE F,UMBER FC'R

THE CU_C_NT P_r'PLE_% THE F'PFIBLEM

WILL IEPMI_ATF L'oC,_' P_ACHI_G IHE

EVEE'_F DFF!C\_A_rD F Y FESN. FESN MU_T

PE INPUT tEES TH_'_ Op ECUAL TO THF

LASI EVF_I SFOUFNfF NUK_ER INPUT.

MAXIML'_ IPAJECTPRY Tl_'f. THE TRAJ--

ECTCRY WILL TFRMI_v_IE IF lhE VALUE

CF TIME FxcrEDS T_IS VALUE° IHIS 1_

PFL'F_, o _PPRT M_Pf A_'L_ F_.CtlLD CNLY

PF USED A_ A P_,CK-LrP TRAJECTORY

TERMI_!AT!CN PR/CED|!PE IN CASE THE

DF,_IC, NATt _]NAL FVFh_,I (FFSN) DCE_ NF1

CC C UR.

TPAJFCTF_Y IFP_I_'_II[:',_ FLAG.

= O, PC _)CT TEPMIF,:-_TE _oAJECTC_Y.

= ]_ TEo_,INATE TH_ T!}AJECTCQY UPON

RE,tHING THE CURRENT EVENT.

"THI_ CPTICN I_OVIF_F ( TPE USER
WIIF_ A PSI_E_( _ ABCPT CAPABILITY

WHICH CAN PF U_:FD IN

CCMJI_h_f, IIf_N WITH ROVI_,'G OR

SE CPNDARY EVENTS.
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PAC_F 6.A.6.3

FVENT CRIIERIA/PHASE DEFTNITIC_ INPUTS (CONTD)

THE PROGRAM MONITORS AS MANY AS TEN (10) EVENTS AT A TIME,

DEPENDING ON THE EVFNT TYPES, TO DETEPMINE WHICH EVENT IS TO OCCt_R

NEXT. THIS PROVIDES THE USER WITH A POWERFUL TO{_L TO ENABLE THE

SIMULATION OF COMPLEX PROBLEMS.

THE MULTIPLE EVENT MONITORING IS DONE IN THE FPLLOWING

SEQUE NC_ -

]) THE NEXT PRIMARY EVEK'T IS MO_!ITORED.

2) AS MANY AS NINE I9) PRIMARY ROVING EVENIS APE MONITORED

PROVIDED THERE ARE NO SECONDAPY EVFNT _. A ROVING PRIMARY

EVENT IS ADDED TO THE LIST OF THf_SF P F]K_. MPNITOP, ED AS

SOLON AT THE PRIMARY EVENT IMMEDIATEtY PRECEEDING THAT

ROVING EVENT HAS OCCURRED.

3) AS MANY AS NINE (9) SECONDARY FVENIS APE M['NITORED_

PROVIDED THERE ARE N(] PRIMARY ROVING EVFN_.

NOTE -CAUTION MUST BE EXERCISED W_FN USING SECCNDARY

FVFNTS BECAUSE OF THE]_ NATURE. SINCE AS MANY

AS NINE (9) SECONDARIES ARE MONITORE[_ AT A TIME,

ANY ONE OF THOSE NINE WILL nCfUr A_ T_N AS ITS

CRITERIA HAS BEEN MET. EECAUSE THEY ARE SECONDARY

EVENIS, ThE EVENT WHICh OCCURS WILL CANCEL IHF

SECONDARIES WITH SMALLFR EVENT NUMBrRS.

A Tf)TAL DF NINE (9) PRIMARY RPVING AND SECG_NDARY EVENTS

ARE MONITORED.

SINCE IHE PROGRAM CAN ONLY MONITOP NINE (Q) EVFN]. _ IN

ADDITION TO THE NEXT PRIMARY EVENT, TPF SI_M OF P_IMtRY RCVING

AND SECt_NDARY EVENTS MUST BE LESS THAN ['R EQUAL TO NINE {Q! OR

A FATAL EPRPR WILL RESULT.

THE MFIHOD _Y kMHICH THE PROGRAM M{'NIIOR_ 1F_E [VENT CRITERIA

REQUIRES IHAI THE DESIRED CUTOFF VARIAFLE 5F CO_,_IINtlI;US. THE

PROGRAM CHECKS THE VALUES OF THE CRITERIA BEING Mt_NITORED AT EACH

INTEGRATION STEP. IF NONE OF THE CRITERIA VALUES HAVE PRACKETED

THE DESIRED CUT-F_FF CONDIIION, THE PROGRAM T_KF. _ ANPTHER

INTEGRATION SIEP. IF A CRITERIA VARI_FLE WA. _ B_ACKETFD ON A GIVEN

STEP, THE PROCRAM BACKS UP TO THE PREVIOU. _ STEP, C_MPUTES A NEW

STEP SIZE _ASED ON THE SLOPE OF THE CPIIERIA VAPIABLE AND TAKES

A NEW STEP. THIS PROCESS IS REPEATED UNTIL THE CRIIFRIA VARIABLE

VALUE IS WITHIN THE SPECIFIED TOLERANCE OF THE DESIRFD VALUE.
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6.A.6. EVENT CRITERIA/PHASE DEFINITION INPUTS ICONTD)

IF THE DFSIRED CONDITIONS CANNOT BE ACHIEVED IN 20 ITERATIONSt THE

PROGRAM PRINTS AN ERROR MESSAGE AND STOPS. GENERALLY THIS

SITUATION IS CAUSED BY AN INPUT ERROR.

THE INPUT DATA REQUIRED TO DESCRIBE THE [VENTS AND THEIR

ASSOCIATFD CRITERIA ARE AS FOLLOWS -

1) EVENT SEQUENCE N_JMBER - EVENT(])

2) TYPE OF EVENT - EVENTf2)

3) EVENT CRITERIA VARIABLE NAME - CRITR

4) EVENT CRITERIA VARIABLE VALUE - VALUE

5) EVENT CRITERIA MODEL - MDL

FOR MOST PROBLEMSt THE USER ONLY NEEDS TO INPUT VALUES FOR

THE ABOVE VARIAELESt HOWEVER, IHE CAPAPILITY EXISTS TO ALLOW THE

ACCURACY TOLERANCE (TOLl TO BE INPUT AS WELL.

THE SAMPLE INPUT LISTING SECTION CF THIS REPORT ILLUSTRATES

THE USE AND DESIGNATION OF EVENTS.

ALL INPUT VARIABLES ASSOCIATED WITH EVENT CRITERIA/

PHASE DEFINITION ARF INPUT IN NAMELIST GE_'DAT. THE INPUT

VARIABLES ARE -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

CRITE HE_L LERITH lIME

EVENT(I) DFCIMAL O.

THE NAME OF THF FVENT CRIIERIA

VARIABLE. THIS IS THF VARIABLE TE}

BE MONITORED TO INITIATE THE

CORRESPONDING PHASE. ANY APPROPRIATE

VARIABLE FRf_M THE LIST OF OUTPU1

VARIABLES CAN BE trEED FOR IHIS

PURPOSE.

THE EVENT S EQLIENCE NUMFER FOR THE

CURRENT PHASF. THIS VARIABLE MUST

BE INPUT FOR EACH PHASE.

= XXX.O, DENOTES PRIMARY EVENIS

= XXX.Xt DENOTFS _FCONDARY EVENTS
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6.A.6. EVENT CRITERIA/PHASE DEFINITION INPUTS

THE USER MUST DEFINE A SEQUENCE OF EVENTS WHICH WILL DESCRIEE

THE PROBLEM BEING SIMULATED FROM BE('-INNINf- TO END. AN EVENT IS

DEFINED AS AN INIERRUPTION IN THE TRA3FCTORY SIMULATION WHEN A

USER SPECIFIED VARIABLE REACHES THE DFSIRFD VALUE. AN EVENT MUST

PE CREATED ANY TIME THE USER WISHES TP CHANGE ANY INPUT DATA FOR

THE PROBLEM OR TO CAUSE ANY CHANGE IN THE METHOD OF SIMULATING THE

PROBLEM. ALL EVENTS EXCEPI FOR _HE FIRST EVFNT MUST HAVE A USER

_PECIFIED PARAMETER WHICH IS REFERRED TC AS THF EVENT CRIIERIA. A

GIVEN EVENT WILL OCCUR WHEN THE EVENT CRITERIA VARIABLE FOR THAT

EVENT REACHES THE USER SPECIFIED VALUE. IN THIS WAY, IHE USER CAN

SET UP HIS PROBLEM 10 SUIT HIS OWN PARTICULAR NFEDS EY THE APPROP-

RIATE INPUTS. 1HERB IS NO LIMIT TC THE NUMBER C'F EVENTS IHAI

CAN BE USED. THE ONLY LIMIT IMPOSED T._ IHE _TZF OF THE DAIA

REGION ALLOCATED FOR INPUT WHICH IS 2500 CFLLS F(_R CeNSIANTS

AND 24000 CELLS FOR TABLES.

AS AN EXAMPLE, THE FOLLOWING SERIFS F}F EVENTS COULD BE

tISED TO DESCRIBE AN ASCENT PROELEM FOB' A IW('_ SIACE VEHICLE WITH

FOUR PITCH RATES IN IHE FIRST SIAGE AND TWO PITCF RAIES IN THE

SECOND SIAGE.

EVENT

NUMPER DESCRIPTION

]

2

3

4

5
6

7

8
0

LIFT-OFF.

INITIATE PITCH RATE I AT TIMF: 20 SEC.

INITIATE PITCH RATF 2 AT TIM, F : 30 SEE.

INITIATE PITCH RATE 3 AT TIME = 60 SE(.

INITIATE PITCH RATF 4 AT TIME = 90 SEC.

JETTISON SIAGE I WHEN WPP_P = O.

INITIATE PITCH RATE 5 AT 2_ SFC AFTER EVENT 6.

INITIATE PITCh RATE 6 AT ]00 SEC AFTER EVENT 7.

ORBIT INJECTION AT INFRIIAL VEL[_CITY = 2556E.

THE FIRSI EVEN1 FOR THIS PROBLEM IS EVEN1 NUMPE_ I AN[) IHE

LAST EVENT IS EVFNT NUMBER 9. EACH OF THF 6 PITCH RATES COULD EE

USED AS CONTROL PARAMETERS (INDEPENDENT VARIA_LFS) TO. SATISFY

_PFCIFIED TARGETS (DEPENDENT VARIABLES) IF DESIRED.

THE EVENT NUMBERS FOR A GIVEN PRf_FLEM ARE SPECIFIED AS REAL

N_IMBERS PY THE USER IN MONOTONIC INCREASI_'G OPDER. 1HESE EVENT

NUMBERS ARE USED 6Y THE PROGRAM TO DETERMINE THE ORDER IN WHICH
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6.A.b. EVENT CRITERIA/PHASE DFFINITION INPUTS {CDNTD)

THF EVENTS ARE TO OCCUR. THE PROGRAM REQUIRES IHAT EACH PROBLEM

HAVE A MINIMUM OF TWO (2) EVENTSt AN INITIAL EVENT AND A FINAL

EVENT. A PHASE IS INITIATED BY THE CORRESPONDING EVFNTt THEREFOREt

THE EVENT CRITERIA FOR A GIVEN EVENT SPECIFIES THE CONDITIONS AT

WHICH THE CORRESPONDING PHASE WILL BEGIN. A PROBLEM IS TERMINATED

_Y SPECIFYING THE LAST EVENT WHICH IS TO KCUR. THE PROBLEM CAN

ALSO BF TERMINATED IN A PSUEDO-ABORT MODE BY SPECIFYING THE

MAXIMUM TRAJECTORY TIMEr MAXIMUM ALTITUDE t OP MINIMUM ALTITUDE.

ALTHOUGH EVENT NUMBERS MUST BE MONOTONIC INCRFASINGv THEY NEED

NOT BE CONSECUTIVE. THIS ALLOWS THE U,¢,ER TO, EASILY ADD OR

DELETE EVENTS FROM AN INPUT DECK.

EACH EVENT MUST HAVE A UNIQUE NUMPER ASSIGNFD TO IT. EVENIS

ARE ,_PFCIFIFD AS BEING ONE OF THREE TYPES_ PRIMARY_ SECONDARYt

OP PRIMARY ROVING.

THE EVENT TYPES ARE DESIGNED TO PROVIDE FLEXIBILITY IN THE

_¢FTUP OF A GIVEN PROBLEM. THE EVENT TYPES APE DEFINED AS FOLLOWS -

1) PRIMARY EVENTS - USED TO DESCRIBE THE MAIN SEQUENTIAL

EVENTS OF THF TRAJ__CTORY BEING SIMULATFD.

THESE EVENT c MUST OCCU_ AND MUSI OCCUR

IN ASCENDING ORDER ACCCRDINC TO THE

EVENT NUMBER. MO_T PRE_LFMS WILL USUALLY

BE SIMULATE[' EY A _FRIFS _F PRIMARY

EVENTS.

2) SECCNDARY EVENTS - USED TO DESCRIBE EVENTS WHICH MAY OR

MAY NOT Of CUR DURING THE _PECIFIED

IRAJECTOPY _CEGMENT.

SECONDARY FVENIS MUST OCCUR IN ASCENDIK'G

ORDER IN THE INTERVAL E{_UNDED BY THE

PRIMARY EVENTr ON E ITHFR SIDE OF THE

SECONDARY EVENT. A PRIMARY EVENT OCCUR-

ANCE WILL NULLIFY THF SECONDARY EVENTS

FOR THE THE PREVIOUS PRIMARY EVENT IF

THEY HAVE NOT OCCURRED.

3) ROVING PRIMARY

FVFNTS

- IHESE EVENTS CAN OCCt_ _NY TIME AFTFR

OCCURRENCE OF ALL PRIMA_Y EVENTS WITH

SMALLER EVENT NUMBERS. THESE EVENTS CAN

BE USED TO INTERRUPT THF TRAJECTORY

ON THE _PECIFIED CRITERIA REGARDLESS

OF THE STATE OF THE TRAJECTORY OR

VEHICLE.
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b.A.7. FUNCTIONAL INEQLIALITIES

THIS OPTION PROVIDES THE CAPABILITY TO DETERMINE WHETHER

A VARIABLE HAS CPOSSED OVER ._OME BOUNDARY (UPPEP OR LOWER)

DLBRING THE COURSE OF A TRAJECTORY. 1HE USER CAN USE IH]S

FEATURE IN CONJUCTION WITH THE TARGETINC-/OPTIMIZAT]ON OPTION

TO TARGET TO SOME DESIRED END CONDITIONS WHILE ADHERING TO A

TIME VARYING CONSTRAINT. AN EXAMPLE WOULD BE SATISFYING A

TRACKER LOOK ANGLE VERSUS SLANT RANGE DISTANCE C_NSIRAINT.

THE GENERALIZED FUNCTIONAL INEOUALITIES CAN ONLY _E

SATISFIED WHEN USING THE TARGETINF/OPTIMIZATIDN OPTION. THAT

ISt SOME CONTROL PARAMETERS MUST BE SPECIFIEP WHICH WILL AFFECT

THE SPECIFIED FUNCTIONAL INEQUALITY VARIAELES. THE FUNCTIONAL

INEQUALITIES WILL BE SATISFIED WHEN THE VALUF OF THE CONSTRAINT

VIOLATION FVALJ IS DRIVEN TO, ZERO BY THE TARGET INGI[rpIIMIZATION

ALGOR ITHM.

THREE (3) GENERALIZED FUNCTIONAL INECUALITV CC_STRAINTS ARE

AVAILABLE. THE FUNCTIONAL INEQUALITY F)PTION IS OBIAINED IF

NPC(]I)=I IS INPUT. IT IS NO1 ACTIVE IF NPC(11)=O. T_E FOLLOWING

VARIABLES ASSOCIAIED WITH FUNCTICNAL INEQUALITIES ARE INPUT IN

NAMFL IST GENDAT.

INPUT STORED

_YMEOL UNITS VALUE DEFINITIPN

NPC (I I) I NTEGFR 0

MON F (J )

J=],2,3

HOLLERITH O.

FUNCTIONAL INFC_JALITY CONSTRAINTS

OPTION FLAG.

= C_ N[_ FUNCTIC_NAL INECUALITY

CON.':TR AINTS.

= It COMPLITE Ft_NCTIONAL INEQUALITY

CCN_IRAINTS FVALI, I=I,2_3,

BAFFD _N THE TABLE INPUT OF THE

INEQUALITY _L_NDAPY IFLI1, I-I,

2,3).

"rPF NAME OF THF VADIAPLE TO eE USED

AS T_E FUNCTIONAL IN_(.UALITY.
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b..A .7. FUNCTICNAL INEGUALITTES (C_NT[,)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

NEQS (J) INTEGER 0

J=I ,3

THE TYPE _F B{IUNDAPY TO [_E

CON_IDERFD FOR THE FUNCTIONAL

INF{iIIALIIY WHEN USINC kPC(]I)=I,

--Iv LOWER FOL'_D.

= 1• UPPER BOUND.

THE FOLLOWING VARIAELES ASSOC]AIEP WITH FU_CTICNAL

INECLIALITIES ARE IKPUT IN NAMFLISI TAF.

INPUT STORED

SYMBC L I.INIT._ VALUE DE F 11_:I T ] fl_!

FLJT SAME AS O,

J=]•2•3 TPF VAPI AFLF

IN MONF (J)

TME VALUE OF TOE _F_INDARY OF THE

FUNCTIO_.'AL INEC'UALITY AS A FUNCTION

OF ThE TAPLF A_GUPENT.

THF FOLLOWING OUTPUTS APE A._SPCIAIFD WITH ThE FUNCTIONAL

INFOtJAL III E$.

OUTPUT

SYMF._L UNITS DEFINITION

DFVALJ DECIMAL

J=1•2•3

FVALJ DECIMAL

J:I•2•3

THE INSTA_IANFOUS VALUF _F T_E CONSTRAINT

VIOLATION SCUARFD. CALCI'LATFD IF NPC(II)=].

THE VALUE OF ThE INFOUALITY CP._STRAINT

VIOLATION PARAMETER (INTEGRAL CF DFVALJ|.

IF FVALJ IS ZERO• THE CC_NST_AINT WAS NOT

VIOLATED, THEREFORE• SPECIFY FVALJ AS AN

EOUALITY CONSTRAINT• I,E., INPUT DEPVR(II=

&HFVALJ • IN NAMFLI._T SFARC_ WITH A DESIRED

VALUE (DEPVAL) [_F ZERC. TO SATISFY THE FUNCTIONAL

INEQUALITY. CALCULAIED IF _;PC(]])=|,
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O.A.8. GENERALIZED DEPENDENT VARIABLE OPTIC_N

THE PRC_RAM HAS THE CAPABILITY TO CALCULATE AN ARBITRARY

DEPENDENT VARIABLE WHICH IS DEFINED AS 1HE DIFFERENCE BETWEEN

TWO GENERALIZED TABLE INPUTS. THIS OPTION IS USFFLIL IN THAT THE

GFNERALIZED VARIABLE, DGENV, CAN BE USED AS A TARGET• CONSTRAINT,

EVENT CRITERIA, OR AN OPTIMIZATION VARIABLE. THE VARIABLE DGENV

IS CALCULATED AS -

DCFNV = GENV2T - CENV]T,

WHERE THE TABLES GENVIT AND GENV2T ARE INPUT IN NAMELIST TAb PRIOR

TO THE PHASE IN WHICH DGENV IS TO. PE U_ED. TYPICAL APPLICATIONS

OF THIS VARIABLE ARE --

I] EVENT CRITERIA -

CRITR : 5HDGENV,

2) TARGET AND/_R CONSTRAINT -

DEPVR = 5HDGENV•

3) OPTIMIZATION VARIABLE -

OPTVAR = 5HDGENV•

AN FXAMPLE OF HOW THIS VARIABLE C_ULD PE U-_FD IS OUTLINED

AS F_LLOWS -

INTERRUPT ON AN ALTITUDE-VELOCITY (H-V) PROFILE. SUPPOSE IT I._

DESIRED TO INTERRUPT THE SIMULAIIDN W_EN THE TRACE [_F THE ACTUAL

TRAJECTORY IN THE H-V SPACE INIERSECT._ AN INPUT H-V PROFILE. IN

THIS CASE, THE EVENT CRITERIA (CRITR) IS NOT C_N.C.TANT FUT IS A

.C,ET DE ORDEPFD PAIRS OF ALTITUDE AND VELOCITY (I.E., A FUNCTION).

THE INPUT FO_ THIS EXAMPLE WOULD PE A_ FOLLOW. _ -

THE EVENT CRITERIA WOULD BE

CRITR : 5HDGENVt VALUE : O.•

THE TAP_LES TO 0EFINE THE VAPIABLE DGENV WOULD EE INPUT IN

THE PRECEDING PHASE AS -

PSTAB

TABLE : bHGENVIltI•bHALTITO•2•I•I,I,

0.,0. • 1.0E6tI.OEb,
$
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b.A._,o CENERALIZED DEPENDENT VARIAI_LF OPTION (CONTD)

P$TAE

TAPLE = 6HGENV2Ttlt6HVELA t4tlvl,lt

IO00. t49OOO, t l_O0.t7lOOOo•

3000. tSO000.• 5000. t95000. •
$

THE PROGRAM gILL THEN INTERRUPT WHEN DG,FNV EQUALS Or WHICH
IS THE CONDITION WHEN THE ACTUAL H-V PPOFILE INTERSECTS THE

INPUT CURVE.

THE FOLLOWING TAP.LES ASSCCIATFD WITH TIfF GEK_:RALIZED

DEPENDENT VARIABLE OPTION ARE INPUT IN NAMELIST TAB.

INPUT STORED

5YMBCtL UNITS VALUE DEFINITION

GENV|T DECIMAL O.

I=I,2

THE TAPLFS USED TC' CALCULATE THE

GENFRALIZED DEPENDENT VARIAE_LE
{DGENV} AS FOLLOWS -

DC-F_;V : CFNV,"I - C-ENVIT

THE C_ITPUT VARIAPLE ASSOCIATED WITH THE C-FNERALIZED

DEPENDENT VARIABLE (_PTION IS AS FOLLOWS -

OUTPIIT

SYMBOL UNITS DEFINITION

DGENV DECIMAL THE GENERALIZFD DFPFNDFNT VARIAFLE. THIS

VARIAPLE IS CALCULATED A._ THF DIFFERENCE

EETWEEN TWO INPLII TAELES AS FOLLOWS -

DGENV = GFNV2T - GE_'VIT
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6.A.9. GENE_:AL INTEGRATIC1N VARIABLE. (::

THE PROGRAM CAN OPTIONALLY COMPUIE THE INTFGRALS OF TEN

USER SPECIFIED VARIABLES. THIS FFATURF ENABLES THE USER TO

COMPUTE INTEGRALS OF VARIABLES WHICH ARE NOT INCLUDED IN THE

NORMAL INTERGRAIION LIST. FOR EXAMPLE, SUPPOSE 1HE TOTAL

IMPULSE IS RECUIRED FOR INFORMATION PtlRPOSES. THI_ c WOULD BE

OBTAINED BY INTEGRATIRG THRST BY SETTING GD-_V(I)=5HTHRST_ AND

BY REQUFSTING GINT] AS A PRINT VARIABLE.

THE INPUT PROCEDURE FOR USING THIS DPTI_N IS -

]) INPUT NPC(24] = It

2) INPUT THE HOLLERITH NAMES OF TNE DERIVATIVES GDERVII).

3) INCLUDE THE INIEGRAL NAMESt GINT3, IN IHE PRINT BLOCK.

THE VARIABLES FOR THIS OPTIDN AR[ INPUT IN NAMELIST GENDAT

AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITI['N

NPC(241 INTEGER 0

GDE RV !J )

J=I, IO

HOLLERIIH 0

C-INTIJ) DECIMAL

J= I , IO

Oo

GENERAL INTEGRATIPN VARIABLE FLAG.

= O, NOT USED.

= ], ]NIFCRA_E TF'E VARIAELES SPEC_-

FIFD FY GDFRV(I)t I=I,10_ TO FORM

THE INTEGRALS GINTJ, J=],IO.

THE NAME [IF GENERAL INTEGRATI[HW

VARIABLE J. THE ]I_"TE_RAL OF ItIE

VARIABLF SPECIFIFD BY GDE_VIJ) IS

CONTAIRFD I_' GINTJ. THF INTEGRATION

_F VARIAPLE J IS TURNED OFF IF

GDERV(J)-O., IS INPUT.

TIlE VALIIF OF THE ]F_IEGRAL OF

GENERAL ]NTEGRATI()N VARIABLE J.

THI_ INPUT ALLOWS THE USER TO RFSET

THE INTEGRALS AT ANY PHASE.
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b.A.Oo GENERAL INTF('-RATI{_N VAPIAPLF. _ (CONTD)

THE OUTPUTS ASSOCIATED WITH THIS OPTION ARE -

OUT PUT

SYMBOL UNITS DEFINITION

GINTJ DECIMAL

J=l t I0

THE VALUE OF THE INTEGRAL F("R THE GENERAL

INTEGRATION VARIABLE SPECIFIED BY GDERV(J).

CALCIJLAIED IF NPC(24)=|.
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THE GRAVITY MODEL IS SELECTED FOR EITHER AN OBLATE OR

SPHERICAL PLANE'[ BY THE VALUE OF NPC||b). THE Gc'AVITY MODEL FOR

THE OBLAIE PLANET MCOEL INCLUDES THE .(ECONDv THIRD, AND FCIURTH

HARMONICS WHICH REPRFSENT THE VARIATION IN THE C_RAVITY ACCELER-

ATION AS A FUNCTION OF OBLATENESS AND LATITUDE.

ALL INPUT VARIABLES ASSOCIATED WITH THE GRAVITY MODEL ARE

INPUT IN NAMELIST GENDAT. THESE VARIAPLE_ A_E AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DFFINITIO_

NPC(16) INTEGER 0 GRAVITY MO[_L flPTIFN FLAG

= O, USE GRAVIIY MENDEL FOR AN OBLAIE

PLANET. INPU1 J2_J3,J4,RE,RP9

MU, AND OMEGA.

= ], USE GRAVITY MODEL FOR A SPHERICAL

PLANET OF RADIUS RE. INPUT RE

AND MU.

J2

J3

J4

DFC IMAL 1.0823E-3 SECCND_ THIRD, AND FOURTH HARMONICS

O. IN THE GRAVITY POTENTIAL FUNCIION.

O. USED IF NPC(I6)=O.

MU F T**3/

S EC*$2

( M3/$21

GRAVITATIONAL CONFTANT OF THE

ATTRACT INC PLANFT.

OMEGA R AD/SEC ROTATION RATE OF THE ATTRACTING

PLANFT.

RE FT

(M)

20q257_1. ECUATORIAL RADIUS OF IHE ATTRACTING

PL ANE T.

RP FT
(M)

20855590. POLAR RADIUS OF TF!F ATTRACTING

PLANET. USED IF NPC(If_)=O.
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6°A°10o GRAVITATIONAL INPUTS

THE OUTPUTS ASSOCIATED WITH THE GRAVITY CALCULATIONS ARE

AS FOLLOWS -

OUTPUT

SYMBOL UNITS DEFINITION

GXI

GY I

GZI

FTISEC*W_2 THE GRAVITY ACCELERATION VECTOR COMPONENTS

(M/S2) ALONG THE XIt YI_ AND ZI AXF_.
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THE PROGRAM HAS THE CAPABILITY TO SIMULATE HOLD DOWN.

THAT IS, THE FOUATIONS OF MOTION ARE INTEGRATED ASSUMING THE

VEHICLE IS RIGIDLY ATTACHED AT THE INPUT INITIAL CONDITIONS.

RELEASE OF THE VEHICLE IS ACHIEVFD BY MAKING THE NEXT EVENT

OCCUR AT A GIVEN VALUE OF AXIAL ACCELEPATION (AXE), TIME, ETCt

AND BY SETTING NPC(I_)=Ot IN THAT PHASE.

WHEN USING THE HOLD-DOWN OPTION, THE RELATIVE POSITION

AND VELOCITY COMPONENTS REMAIN CONSIANI WHILF IHE INERTIAL

POSITION CHANGES BY THE EARTH ROTATION RATE TIMES TIME. THE

INERTIAL VELOCITY MAGNITUDE ALSO REMAINS CONSTANT.

INPUT STORED

_YMBOL UNITS VALUE DEFINITION

NPC|]4) INTEGER 0 HOLD DOWN OPTION FLAG.

= O, NO HOLD DOWN OPIION.

: It INIFGRATE THF EOUATIONS OF

MOTION BASED ON _OLDING THE

VEHICLE DOWN.
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b.A.]2. INITIAL POSITION AND VELOCITY

THE INITIAL POSITION AND VELOCITY STATES CAN _E INPUT IN

SEVERAL WAYS DEPENDING ON USER PREFERFNCE. THE OPTIONS FOR THE

VELOCITY VECTOR INPtFr ARE SFLFCTED BY THE VALUE OF NPC(3). TilE

OPTIONS FOR THE POSITION VECTOR INPUT ARE SELECTED BY THE VALUE

OF NPC(4I. THE OPTIONS ARE SUMMARIZED AS FOLLOWS -

INPUT STORFD

SYMBOL UNITS VALUE DEFINITIrN

NPC(3) INTEGER 4 VELOCITY VECTOR INITIALIZATION FLAG.

= I, INPU1 FAPTH CENTERED INERTIAL

COMPONENTS, VXl(J)t J=I_3.

= 2, IK'PUI INERTIA.L COMPONENTS IN

ThE LOCAL HORIZONTAL (G) FRAME,

GAMMAI, VFLI, AND AZVELI.

= 3, INPUT ATMPSPHF_IC RELATIVE

CC_MPONFNTS lh' THE LOCAL HORIZON-

TAL (C-) FRAME, CAMMAA_ VELAr

AND AZVFLA.

= 4, INPUT EARTH RELATIVE CCMPONENTS

IN 1HE LOCAL HORIZONTAL (G)

FRAME_ GAMMAR, VELR9 AND

AZVE LR.

= 5, INPLIT ORBITAL PARAMETERS, INCt

ALTO, ALTAr TRUANt ARGP_ LAN,

AND PGCLAT. h_)C|4) IS NOT

U__Er. IF NPC(3)=5.

NPC (4) INTECER 2 PO_ITI[_N VECTOR INITIALIZATION FLAG.

= ], INPUT FARTH CFNTFRED INERTIAL

CCMFgNENTS, X](J)t J=],3.

= 2, ]NPtIT SPHERICAL C(IORDINATESt

CEOCENTRIC OP GEODETIC LATITUDE,

CCLAT (_R f-DLA3, RELATIVE OR

INERIIAL LONGITUDE, LONG OR

LONGI, AND OBLATE ALIITUDE OR

GE[!CFNTRIC RADIUS, ALTITO OR

GCRAP..

THE FOLLOWING LIST DEFINES THE INPUT VA_IAPLES FOR THE VARIOUS

OPTIONS D_-FINED ABOVE FOR NPC(3| AND NPC(Z*). ALL VARIABLES IN THIS

LIST ARE INPUT IN NAMEL IST GENDAT.



PAGE 6.A.%2.2

6.A.12. INITIAL POSITION AND VELOCITY {Ct'IqTD)

INPUT STORED

SYMBOL UNITS VALUE DE FINITI(_N

ALIA N.MI. O. INITIAL APOGEE ALTITUDE. USED IF

(KM) NPC (3 ]=5.

ALTITO FT O. INITIAL ALTITUDF A_VE THE OBLATE

(M) PLANET. USED IF NPC|4)=2 AND IF

GCRAD IS NOT INPUT.

ALTP N.MI. O. INITIAL PERIGEE ALTITUDE. USED IF

(KM) NPC (3)= 5.

ARGP DEG O. INITIAL ARGUMENT er PERIGEE. USED

IF NPC (3)=5.

AZVELA DEC O. INIIIAL AZIMUTH ANGLE OF THE VELOCITY

RELATIVE TO THE ATMDSPHERE. USED IF

NPC 13 )=3.

AZVELI DEG O. INITIAL _ZIMUTH ANGLE DF THE INERTIAL

VELOCITY VECTOR. fr_FD IF NPC|3)=2.

AZVELR DEG O. INITIAL AZIMUTH ANGLE OF THE RELATIVE

VELOCITY VECTOR. USED IF NPC|3)=4.

GAMMAA DEC O. INITIAL ATMOSPHERIC RELATIVE FLIGHT

PATH ANGLE. U._ED IF NPC(3)=3.

GAMMAI DEG O. INITIAL VALUE _F INERTIAL FLIGHT PATH

ANGLE. USED IF NPC(3I=2.

GAMMAR DEG O. INITIAL RELATIVE FLIGHT PATH ANGLE.

USED IF NPC(3)=4.

INC DFG O. INITIAL INCLINATIt'N ANGLE. USED IF

NPC (3)=5.

LAN DEG 0.

GCLAT DEG 0.

INITIAL LONGITUDE OF IHE ASCENDING

NODE MEASURED EAST OF THE X| AXIS.

USED IF NPC{3)=5.

INITIAL GEOCENTRIC LATITUDE. USED

IF NPC|4)=2 AND IF GDLAT IS NOT INPUT
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6.A.12. INITIAL POSIIlON AND VELOCITY (CONTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

GCRAD FT 0.

IM)

GDLAT DEG O.

LONG O EG 0.

LONGI DEG 0.

PGCLAT DEG O.

TRUAN DEC 0.

VELA FTISEC O.

(M/S)

VELI FTISEC O.

(M/S)

VELR FTISEC O.

IM/S)

VXI(J) FTISEC O.

J= 1 _ 3 (M/S )

XI(J) FT O.

J=l,3 (M)

INITIAL GEOCENTRIC RADIUS. USED IF

NPC(4)=2 AND IF ALTITO IS NOT INPUT.

INITIAL GEODETIC LATITUDE. USED

IF NPC(4)=2 AND IF GCLAT IS NOT INPUT.

INITIAL FAST LONGITUDE RELATIVE TO

THE PRIME MERIDIAN. USED IF NPC(4)=2

AND IF LPNGI I_ NOT INPUT.

INITIAL LONGITUDE EAST OF THE Xl

AXIS. USED IF NPC(4)=2, AND LONG

IS NOT INPUT.

INITIAL GEOCENTRIC LATIIUDE OF

PERIGEE. MEASt_ED POSITIVE IN THE

NORTHERN HEMISPHERE. USED IF NPC(3)

--5.

INITIAL TRUE ANOMALY. USED IF

NPC(3)=5.

INITIAL ATMOSPHERIC RELATIVE VELOCITY

USED IF NPC(3)=3.

INITIAL VALUE OF INERTIAL VELOCITY.

tl._FD IF _IPC(3)=2.

INITIAL RELATIVE VELOCITY. USED

IF NPC (3)=_+.

THE INIIIAL VALUES OF THE 1NERTIAL

VELOCITY VECTOR COMPONENTS ALONG

THE XI, YI, AND ZI AXES. USED IF

NPC(3)=].

1HE INIIIAL VEHICLE POSITION VECTOR

COMPONENTS ALONC l_ Xlt YI, AND ZI

AXES. USFD IF NPC(4)=I.
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6.A.|3. INSTR4TANEOUS VELOCITY ADDITIONS

THIS OPTION IS NOT AVAILABLE IN 6D POST. "THE POINT MASS

VERSION OF POST MUST BE USED TO OBTAIN THIS OPTION.
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6.A.14. MONITORVARIAPLES

THE PROGRAM HAS THE CAPABILITY Tt_ CALCULATE EITHER THE

MAXIMUM DR MINIMUM VALUE ATTAINED BY USER SPECIFIED VARIABLES

DURING THE COURSE OF A TRAJECTORY. THI _ FEATURE IS USEFUL

IN PROVIDING INFORMATION SUCH AS MAXIMUM DYNAMIC PRES5URE,

ACCELERATION, ETC., AS WELL AS T_F lIME OF OCCURRENCE OF THESE

CONDITIONS.

THIS FEATURE IS ALSO USEFUL IN CONTR_LLING THE MAXIMUM

OR MINIMUM VALUES ATTAINED BY USFP SPECIFIED VARIAFLES _Y MEANS

OF THE TARGFTING/OPTIMIZATION OPIION. FOR FXAMPLE, SUPPOSE THE

USeR WISHES TO IARGET TO SOME END CONDITIONS WHILE MAINIAININC

AN UPPER BOUND ON THE MAXIMUM DYNAMIC PRESSURE. IN THIS CASE,

THE VARIABLE MONX{I):4HDYNPt WOULD PE INPUT IN NAMELIST GENDAT

AND THE VARIABLE XMAXI WOULD _E USED AS A DEPENDENT VARIABLE

WITH AN tIPPER E CUND, I.E., INPUT DEPVP{I)=SHXMAXI, IDEPVR{I)=I,

AND DFPVAL{I)=UPPER BOUND VALUE_ IN _'AMELIST SEARCH.

ALL GENFRALIZEO MONITOR VARIABLF_ ARE INPUT IN NAMELISI

GENDAT. TEN (TO) GENERALIZED MONITPR VARIABLES ARE AVAILABLE.

ANY COMPUTED PARAMETER WHICH IS LISTED IN THE SECTION ENTITLED

OUTPUT VARIABLES CAb_ BE USED AS A GENERALIZED MPNITOR VARIABLE.

INPUT STORED

SYMBOL UNITS VALUE DEF]NITI[_N

MONX | I )

I=ItlO

MONY | I )

I=l,IO

HOLLERITH O.

HOLLERITH O.

XMAX(I) DECIMAL -I.OE20

I=1,10

IHE NAME OF THF VARIABLE TO BE

MONITORED FOR MAXIMUM AND MINIMUM

VALUES. THE FIRST N MONX VARIABLES

THAT ARE NONZERO WILL BE USED.

THE NAME OF IHF VAPIAPLE WHOSE

VALUE IS _0 BE DFTFRMINED WHEN

MONX(I) PEACh, Pc TNF MAXIMUM AND

MINIMUM VALUES.

THE INITIAL VALUE OF XMAX{I).

ThIS VARIABLE CAN _E INPUT IN

ANY PHASF TO RFINITIALIZF THE

_FARCH FC_ AN{_THFP MAXIMUM OF

THE VARIAFLF INPUT AS MONX(I).



PAGE 6.A.14.2
D_

6.A.14° MONITOR VARIABLES ICONTD)

INPUT STO RED

SYMBOL UNITS VALUE DEFINITION

XMIN(I) DECIMAL +I.OE20 THE INI

l=ItlO THIS VA

ANY PHA

SEARCH
THE VAP

YXMN(I) DECIMAL +I.OE20 THE INI

I:I,I0 THIS VA

ANY PHA

SE ARCH

lrHE VAR

YXMX(I) DECIMAL -1.0E20

I:l,10

THE FOLLOWING [XJTPUTS

MONITOR VARIABLES.

OUTPUT
SYMBOL

TIAL VALUE OF XMIN(I|.

RIABLE CAN BE INPUT IN

SE TO REINIIIALIZE THE

FOR ANOTHER MINIMUM OF

IA_LE INPUT AS MONX(I)°

TIAL VALUE OF YXMN(I).

RIABLE CAN BE INPUT IN

SE TO REINITIALIZE THE

FOR ANOTHEQ MINIMUM OF

IAPL_ INPUT AS MONY(1).

THF INITIAL VALUE OF YXMX(I).

THIS VARIABLE CAN PE INPUT IN

ANY PHASE l_ REINITIALIZE IHE

SEARCH FOR ANOTHER MAXIMUM OF

THE VARIAELE INPUT AS MONYII).

ARE ASSOCIATED WITH THE CENERALIZED

UNITS DEF INITION

XMAXJ DEC IMAL

J= I , IO

XMINJ DECIMAL

J=I,IO

YXMNJ DECIMAL

J:I , IO

YXMXJ DECIMAL

J=I,IO

THE MAXIMUM VALUF OF MONX(J).

THE MINIMUM VALUE OF t'lONX(J).

THE VALUE OF MONY(J) AT XMINJ.

THE VALUE OF MONY(J) AT XMAXJ.
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O.A.15. NUMERICAL INTEGRATION METHODS

THE PROGRAM CONIAINS THE FOLLOWING NUMERICAL INTEGRATION

METHODS -

|| SECOND ORDER RUNGE-KUTTA

2) FOURTH ORDER RUNGE-KUTTA

3) FOURTH ORDER PREDICTOR-CORRECTOR

RUNGE-KUTTA SHOULD BE USED FOR PROBLEMS THAT HAVE A LARGE

NUMBER OF EVFNTSt AND PREDICTOR-COPRFCTOR SHOULD BE USED FOR

PROBLEMS THAT HAVE CINLY A FEW EVENTS. THIS IS BECAUSE PREDICTOR-

CORRECTOR HAS TO BE RESTARTED AT EVERY EVFNT.

THE INTEGRATION STEPSIZE IS INPUT AS A CONSTANT IN NAMELIST

CENDAT. THE INTEGRATION STEPSIZE CAN ALSO BE COMPUTED FROM 1HE

ARGUMENT OF A MONOVARIANT TABLEt PROVIDED THF APGUMENT IS A TIME

VARIABLE. THIS WILL INSURE THAT EVERY TAPLE POINT IS FXACTLY

INCLUDED IN THE INTEGRATION.

THE VARIABLES FOR THIS OPIION ARE INPU1 IN NAMELISI GENDAT

AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

DT _ EC I .O

NPE(2) INTEGER I

NPC {20) IN'rEGER O

THE INTEGRATION INIERVAL (STEPSIZE)

INTEGRATION METHOD FLAG.

= It FOURTH ORDEQ RUNGE-KUTTA.

= 2_ FOURTH ORDER PREDICTOR-CORRECTOR.

= 3t SECOND ORDER RUNGE--KUTTA

FLAG TO SPECIFY THE TYPE OF SPECIAL

INTEGRATIC_ STFP _IZE (DTI PREDICTION

TO BE USED.

= Ot NONE.

= It USE THE APGUMENT VALUES OF THE
ML'NOVARIANT TYPE TABLES WHICH

HAVE TABLFt2)=-It AS INTEGRA-

TION TIMES. THE ARGUMENTS FOR

THESE TABLES MUST BE A lIME

PARAMETERt F.G._ TIMEr TIMESt

TDUFP_ TIMRFJ, ETC.
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6.A.I6. PPINT VARIAPLF RFQUES'tS

THE PROGRAM HA.• THE CAPABILITY Tf" PRINT AS MANY AS 240 OUTPUT

VARIABLES AT EACH PRINT TIME. A NOMI_'AL PRINT BLOCK IS OBTAINED

AUTOMATICALLY WITHOUT USER INPUT IF DESIRED. HOWEVER THE USER CAN

CHANGE PART DR ALL OF THE PRINT BLOCK IF DESIRED BY OVERRIDDING

THE STORED VALUES WITH THE DESIRED NAMES BY MEANS OF THE ARRAY PRNT.

THE ARRAY OF PRINT VARIABLES CAN BE TERMINATFD AT ANY POINT BY

INPUITING PRNTII)=5HPSTDP. THE PRINT PEQUE_T ARRAY PRNTII) MUST

BE INPUT $EOUENTIALLY WITH N_ GAPS. SINCE THERE ARE 11,_ VARIABLES

IN THE NOMINAL PRIN1 e LCCK, 1HE USER WgULD ADD XL" THIS LIST BY

BEGINNING THE INPUT OF THE ARRAY PR_T(1) WITH FLFME_T ITS. FOR

EXAMPLE, THE VARIABLE TIMRFI W_ULD 6E ADDED TO THE NOMINAL BLOCK

AS FF_LLOW- 'c -

PRNT(lI5)=6HTI_RF],

THE VARIabLES WHICH AR_ PRINTFD I_' THF F:_MINAL PRINT BLOCK

ARE AS FOLLOWS-

TIME TIMES TDUPP DENE P_FS ATEM

ALTITO GCRAD C-DLAT GCLAT LOK'G LO_'C,I

VELI C-AMMA I AZVELI XI VX] AX]

VELR GAMMAR AZVFLR YI VYI AY]

VELA GAMMAA AZVELA ZI VZI AZI

GAMAD AZVAD DwNRNG CRRNG DP_NG] DPPNG2

THRUST WEIC-HT WDOT WEICO_ WPRCP ASMG

FTXB FAXB AXP IMX_ AMY B "_'IMXB

FTYP FAY_ AYE TMYE AMYF IT M_

FTZB FAZB AZF TMZ_ AMZB TTMZ_

CA CLL CD DRAG FYNP A." X I

CY CM CL L IFI _ACH ASY]

CN CW HE ATPT II_iEAT _ FYN[' A._ZI

ROLBD ROLEDD ROLl YAWR A{ OH# AL PTOT

PITBD PITBDD YAWl PIIR EETA QALPHA

YAWBD YAWb.DD PI TI RDLR FNK_NG C,A LTC, T

ROLPER ROLAC XP EF XCG IXX IXY

PITBER PITAC YREF YCG IYY IXZ

YAWBER YAWAC ZREF ZCG IZZ IYZ

OTHER SPECIAL PRINT _LOCKS CAN _F REQUESTED IN ADDITION

TO THE MAIN PRINT _LOCK DESCRIPFD AEPVF. ANY (IF THE VARIABLES

LISTED IN THE SPECIAL PR]_T ELC'CKS MAY F.F PRINTED INDIVIDUALLY

USING THE PRNT ARRAY. THESE SPECIAL P_INT BLCCKS ARE ._UMMARIZED

AS FOLLOWS-
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6.A.16. PRINT VARIABLE REQU[STS ICONTD)

CONIC PRINT BLOCK. OBTAINED IF NPC (I)=2 ('R 3.

**_, ELLIPTIC ORBIT ..wi,

ALTP ALTA ECCEN INC P[_RIOD ARGP

ENERGY SEMJAX TRUAN LAN ANGMOM PGERAD

APORAD PGCLAT PGLON ARGV TIMTP TIMSP

ECCAN MEAAN PGVEL APVEL DVCIR VC IRC

LANVE

*** HYPERBOLIC ORPIT _*

HYPV_L SEMJAX ECCEN DECLIN RTASC PERIOD

TRUAN T_UNMX INC ENERGY ANGMC_M ALTP

PGERAD PGCLAT PGLON ARGV TIMTP TIMSP

ECCAN MEAAN PGVEL DVCIR VCIRC LANVE

VELOCITY LOSSES PRINT BLOCK. OBTAINFD IF NPC(25)=2 OR 3.

DLR TVLR

*** VELOCITY LOSSF_ ***

ATL GLR VIDEAL

THF FOLLOWING VARIABLES ASSOCIATED WITH THE PRINT VARIABLE

REQUESTS ARE INPUT IN NAMELISI GFNDAI.

INPUT STORED

SYMBOL UNITS VALUE DEFINITIO_

NPC{IQ) INTEGER 1

P INC S EC 0.

FLAG TO CONTROL PRINTING OF INPUT

CONDITIONS F_,R EACH PHASE.

= O, DO NOT PRINT INPUT CONDIIION

SUMMARIES.

- |, PRINT INPUT CONDITION SUMMARIES

FOP EACH PHA.KE.

PRINT INTFRVAL. IF PIh'C IS INPLIT

EQUAL TO ZERO, PRINTOUTS WILL OCCUR

AT THF FND OF EACH INTEGRATION STEP

OTHERWISE, PINC MUST BE INPUT AS

MULTIPLE OF THF INTEGRATION INTERVAL

(DI).
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6.A.I6. PRINT VARIAPLE REQUESTS (CONTD)

INPUT STOR ED

SYMBOL UNITS VALUE DEFINITION

PRNT( II

I=I, 240

TITLE (I)

I=I_10

HOLLERITH O.

HOLLERITH O.

PRINT VARIABLE NAMES. THESE CAN BE

ANY OF THF VARIABLES CONTAINED IN THE

LI._i CF OtwTPUT VARIABLES. A

NOMINAL PRINT PLOCK IS OBTAINED UNLESS

OVERRIDDFN FY THIS INPUT. THE PRINT

LIST CAK _ _F TERMINATED AT ANY POINT

_Y INPUT OF PRNT(I)=5HPSTDP.

A |0 WORD Till r- lr EE USED FOR

PRCBLEM/PPASF IDENTIFICATION. EACH

WORD CONTAINS IO CHARACTERSt THEREBY

PRCVIDING A TOTAL _F IOq CHARACTERS

FOR TNF TITLE. THIS TITLE IS PRINTED

AT ThE 1C"P 9F FAC _ PAC_E [iF PR INTOU1.
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6.A.17. PROFILE 1APE OPTION

THE PROGRAM HAS THE CAPABILITY IO WRITE THE CONTENTS OF THF

PRINT BLOCK ON A TAPE AT A USER SPECIFIED INTERVAL (PRNC),. THIS

TAPE WHICH CONTAINS 1HE TIME HISTORY OF THE TPAJECTORY PRINT BLOCK

IS REFERRED TO AS A PROFILE TAPE AND IS WRITTEN ON LOGICAL UNIT

PRDFIL. THE CONTENTS OF PROFIL MUST BE COPIFD TO A PHYSICAL TAPE

AT THE CONCLUSIC_ OF THE PROGRAM FXECUTION VIA CONTROL CARDS IF IT

IS TO BE SAVED FOR LATER USE.

THE PROFILE TAPE CAN BE READ PY PPF_RAMS C[_NTAINING THE

NECESSARY PROFILE TAPE READ ROUTINES. THFSF PR(_GRAMS CAN

BE USED TO C ENERATE A WIDE VARIEIY C F DATA FPOM THE PROFILE TAPE

SUCH AS PLOTSt PUNCHED CARDS, ETC.

THE CONTENTS _F THE PROFILE TAPE CONSISTS ('F TWO IDENT-

IFYING _INARY RECOR_,S FOLLOWED FY AS MANY 500 W_PD RECORDS

AS REQUIRED TO WRI)F THE DATA FOR A XRAJECTORY PHASE. THIS

SEQUENCE OF RECORDS IS REPEATED F6_R EACH P_ASE IN THE TRAJ-

ECTORY. ADDITIONAL IPAJECTO£IES ARE _VRITTEN A_ _EPARATE

BINARY FILES FOR EACH TRAJFCI[;RY PRINIED WHILE USING THIS

OPTION. THE VARIABLES ARE ACCESSED FPF)M IHE PRrIFILF TAPE BY

NAME AND THE NAMES ARE THE SAME AS 1HO_E IN THE PRNT ARRAY.

THF VARIABLF_ _SSOCIATED WITH THE PROFILE TAPE OPTION ARE

INPUT IN NAMELIST GENDAI AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

FID(J)

J=l,2

HOLLERITH UD2b5 THE TWO WORD (20 CHARACTERS) FILE

FILE I.D. IDENTIFICATION TO BE WRITTEN ON

0000 THE PRC_FILE TAPE WHEN USING THE

PROFILE TAPE OPTI['N, I. E., IF

PRNC IS INPUT CRFA/ER "THAN OR

EC,UAL TC_ ZFPC.
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6.A.I7. PROFILE TAPE OPTION ICONTD)
D

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

PRNC S EC 1..HU PROFILE TAPE WRITE INTERVAL. THIS

VARIABLE ACTIVATE_ THE PROFILE TAPE

WRITE OPTION IN ADDITION TO SPECIFYING

THE WRITE INTERVAL. IF PRNC=O_ THE

PRINT PLOCK WILL EE WRITTEN ON THE

PROFILE TAPE AT THE END OF EACH

INTEGRATION STEP. IF PRNC IS INPUT

GREATER THAN ZEROt IT MUST BE A

MULTIPLE OF DT.
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b.A.IS. PROPULSION/THRCTTLING I_PUTS

THE TYPE OF ENGINES 10 BE USED (ROCKET OR JFT) IS SPECIFIED

BY NPC(9). THE THRUST AND FLOWRATE (OR SPECIFIC FUEL

CONSUMPTION FOR JETS) ARE INPUT AS TAttLES VIA NAMELIST TAB.

THE CONSTANT INPU1 VARIABLES ARE INPUT VIA NAMFLIST GENDAT.

THE PROC_RAM CAN SIMULATE AS MANY AS 15 .rN(-INES PER PHASE.

THE THRUST FOR EACH ENGINE IS SPECIFIFD BY TABLF INPUT OF TVCIT.

THE FLOWRATE CAN EITHER BE SPECIFIED PY TABLE INPUT OF WDII DR

CAN BE COMPUTED BASED ON ISPV DEPEND]f'JG ON THE VALUE OF NPC(2I).

THE ENGINES 10 BE USED ARE _PECIFIE{_ E_Y "fH[_ ARRAY ENGF(I), I=I,|5.

THE ENGINES DEFLECT IN PITCH AND YAW PLANES WHICH AI_E PARALLEL TO

THE BODY AXES PITCH AND YAW PLANES UNLESS lrHF FN('INES ARE

DESIGNATED AS ROLL ENGINES _Y THE ARRAY RFNGII), I=],IS, AND THE

ROLL ORIENTATION ANGLE ENGRC_LII), I:],]_. IF RENGII) SPECIFIES

ENGINE I AS A ROLL ENGINE, TI_EN THE PI'TCH AND YAW PLANES OF THE

ENGINE ARE 1HOSE RESULTING FROM THF ROLL ANGLE ENGROLII) IF IT

IS INPUT OR IN A PLAN[- NORMAL TO 1HF PADIAL POSITIC'N (2F THE

ENGINE LOCATION IF FNGROL( ] ) IS NOT IF,_P_'I".

INPUT STORED

SYMBOL UNIT. (: VALUE DE FIN IT IF_N

NPC(9) INTEGER O PROPULSI("N I'YPF FLAG.

= O, NO THRt.!_T.

= ], NFNC_ RCCKI:T ENGINES. INPUT A

THnUST TABLE (TVCIT} FOR EACH

Ek'(-Ilk'EAND EITHER A FLOWPATE

TAFLE (WDII) OR VACUUM SPECIFIC

IMI:I,_LSF (ISPV(I I ) BASED ON TI_E

VALt._T OF NPC (21l.

= 2, I_'FNG JFT F_:GINES. INPUT A TAI_LE

OF ,_'EI THRUST (TVCIT) AND

SPF('IFIC FUEL CONSUMPTION iWt3IT)

F(_R t:ACH FNC_INE.

NPC(21) INIEGER O FLAG TO INDICATE THE MFTHOD BY WHICH

FLCWRATF I_ TO BE COMPUTED FOR

ROCKET _-_GINFS.

= ("t Ftf'_'r'AT r- IS _. IAFL_ LOOK-UP OF

_ T_';,_¥ FL.OW_ATE IAP, LE IWDIT,

/ _..... _'; { t ;_'_PATE L,'SIN_ VACUUM

_-PFC._F If IMPliLS E IISPV(I),
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b.A.I8. PROPULSION/THROTTLING INPUTS (CCNTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

NPC(22) INTEGER 0

NPC (27) INTEGER 0

THROTTLING PARAMETER INPUI OPTION

FLAG.

= O_ THE THROTTLING PARAMETER |ETA)

IS OETAINED BY EVALUATING k
CUPRIC POLYI_OMIAL wHERE THE

CON._TANT TERM IS SET EQUAL TO
THE VALUE OF ETA AT THE TIME

NPC (22 )=0 IS REGUESTED. THE

COEFFICIENTS ARE INPUT AS

ETA, PCI I), I=2t4.

= l, THE THROTTLING PARAMETER (ETA)

IS OPTAINED BY EVALUATING A

CUEIC POLYNOMIAL AS WHEN

NPC(22)=O EXCEPT THAT THE CONSTANT

TFR_ IS INPUT AS FTAPC(]I).

= 2_ THE THROTILINC PARAMETER IETA)

IS A TABLE LOOK-UP OF THE INPUT

TAPLE ETAT.

= 3t THE THROTTLING PARAMETER (ETA)

I_ A PIECEWISE LINEAR FUNCTION
OF THE EVFNT SPECIFIED BY DESNE.

INPUT THE INITIAL VALUE OF ETA

IN THE F IR._T PHASE AS ETA. THE

DE_IRF[_ V_LUF OF ETA AT EVENT
DESNE IS INPUT AS DETA.

ACTIVATIeN FLAG FPR _HE OPTION TO

INTEGRATE ThE FLOWRATE OF SPECIFIED

ENGINES. IWPFII) MUST ALSO BE INPUT.

= O_ INACTIVE.

= It ACTIVE.
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6.A.18. PROPULSION/THRC)TTLINC- INPUTS (C(_NTD}

INPUT

SYMBOL UNITS

STORED

VALUE DE FIkIIl I{_N

DESNE DECIMAL THE NEXT

PRIMARY

EVENT

NUM E_ER

DETA DEC IMAL C.

FNGF(I) INTEGER 0

I=I_15

ENGROLII) DEG 0.0

I=Itl5

ETA DECIMAL I .0

ETAAR G HOLLERITH TIMES

FTAPC (I) DEC IMAL 1.0,3_0o

I=It4

GXP(I} FT

GYPII} IM)

GZP{I}

I=Itl5

ISPV(I} SEC

l=ltl5

O.

.

THE EVENT NUMBER AT WHICH THE VALUE

OF THE THROTTLING PARAMETER (ETA)

IS TO ATIAIN THE DESIRED VALUE

(DETA) AT A LINEAR FUNCTION OF THE

CRIIERIA VARIABLE (CRITR } FOR THE
EVENT SPfCIF!ED E_Y DESNF. USED IF

NPC122)=3.

THE DESIRED VALUE PF THE THRDTILING

PARAMETER (FTA) AT IHE EVENT

SPECIFIED BY DFSNF. USED IF NPC(22)

A FLAG T(_ I_?DIfATE THAT ENGINE I

IS ON OF_ (tFF.

= C, ENGINE I IS OFF.

= 1• ENGINE I IS C'N.

IHE POLL _NC.LF OF ENGI?JE I ABOUT

THE VEHICLE XB AXIS.

THE INI)IAI VALUE OF THE THROTTLING
PARAMETER W_FN USING _,PC(22)=3°

THE NAME {_F T_F VARIABLE TO BE USED

AS THE ARGUMENT F_R ThE ETA POLYNOMIAL°

USED IF NPC{22)=O•]o

THROTTLIF_'?_ PARAMETER (ETA)

PC°LYNCMIAL COEFFICIENTS. USED IF

NPC(22)=O OR I.

LC_CATION tnF THF ENGINE GIMBAL IN

FC'DY REFF_ENCE (XPP•YFR_ZBR) SYSTEM

FC_R ENGINF I.

VACUUM ._PFCIFIC IMPULSE FOR ENGINE I°

USED IF NPC121 ):! .
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6.A.IB° PROPULSION/THROTTLING INPIITS (CL-_TD)

INPUT

SYMBOL UNITS

STORED

VALUE DEF INITI_N

IWPF(I) INTEGER

I=IeI5

PSL LBIFT_2

(NIM2)

PWPROP LBS

IN)

RENGII)

I:ltI5

TSL

INTEGER

DEG R

{DEG K)

0

VARIES

BASED ON

NPC(5)

OD

0

VAR IES

BASED ON

NPC (5)

FLAG TO INDICATE WHICH ENGINES ARE

TO BE INCLUDED IN THE SPECIFIC

FLOWRATE INTEGRATION OBTAINED WHEN

NPC(27] = I.

= Ot DO NOT INCLUDE ENGINE I.

= It INCLUDF ENGINE I.

SEA LEVEL ATMOSPHERIC PRESSURE

USED IN COMPUTING JET ENGINE THRUST

AND FLDWRATF. USED IF NPC(9)=2.

IF NOT INPUTt PSL WILL BE SET EQUAL

TO THE ATMOSPHERIC PRESSURE AT

ALTITO=O.

THE VALUE OF THE PROPELLANT

CONSUMED PY THE FNGINES SPECIFIED

BY IWPFfI) WHEN USING THE SPECIAL

PROPELLANT FLOWRATF INTEC-RATION

OPTION. USED IF NPC(??)=I. THIS

INPUT ALLOWS THE USER TO RESET THE

VALUE PF PWPROP AT ANY PHASE.

A FLAC TD INDICATF THAT ENGINE

I IS A ROLL ENC-INE.

= 0 t ENGINE I IS NOT A ROLL ENGINE.

- I , ENGINE I IS A ROLL ENGINE.

SEA LEVEL ATMOSPHERIC TEMPERATURE

[ISED IN COMPUTING JET ENGINE THRUST

AND FLOWRATF. U_FD IN NPC(Q)=2.

IF NOT INPUT, TSL WILL BE SET EQUAL

TO THE ATMOSPHERIC TEMPERATURE A1

ZERO ALTITUDE.
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PROPULSION/THROTTLING INPUTS (CONTD)

THE FOLLOWING TABLE INPUIS ASSOCIATED WITH THE PROPULSION

OPTIONS ARE INPUI IN NAMELISI lAB.

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AEIT FT**2 O.

I=],15 (M2)

TAPLE OF EXIT APFA FOR ENGINE I WHEN

LI$.ING R_CKET _NGINFS• I.E.• IF

NPC(O):].

ETAT N/D 0. TABLE _F THE THROTTLING PARAMETER.

USED IF NPC(22)=2.

TVCIT L_S O.

I:1•]5 (N)

VACUUM IF'RUST TAPLF FOR ENGINE I

WHEN USING ROCKET FNC-INE_t I.E.•

IF NPC(C_)=I• _R NFT THRU,_T OVER THE

ATMOSPHERIC PRESSURE RAIIO WHEN

USING JET ENGINES• I.E.• IF

NPC (c_):2.

WDIT LBISEC O.

I:] • I5 OR

LB/SEC/LB

(N/S OR

N/S/N )

FLOWRATE IAPLE FOR ENGINE I WHEN

USING ROCKET ENGINES• I.E.• IF

NPC(9)=| AND NPC(2]):O. OR SPECIFIC

FUEL CONSUMPTION WHEN USING JET

ENG]NES_ I.E.• IF NPC(O)=2o

THE OUTPUT VAR]ASLES ASSOCIATED WITH T_E PDO, PULSIDN OPTIONS

ARE AS FOLLOWS -

OUTPU T

SYMBOL UNITS OFF INITIPN

AE3 F T:_*2

J:l•I5 (M2)

FTXB LB_

FTYB IN)
FTZB

TABLE LC_K-UP VALUE OF FXIT AREA FOR ENGINE J.

CALCULATED IF NPCIq):].

THRUST FORCES IN THE PODY CnT_DINATE SYSTEM.

CALCULATED IF NPCfO)=]•2.
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6.A.18. PROPlJLSION/THROTILING INPUTS (CPNTDI

OUTPUT

SYMBOL UNITS DEFINITION

PWDOT LB/SEC

(N/S)

PWPROP LB

IN)

THRJ LBS

J=ItI5 IN)

THRUST LBS

(N|

THE FLOWRATE RESULTING FROM THE SUMMATION OF

INDIVIDUAL FLOWRATES PF THE ENGINES INCLUDED

IN THE SPECIAL FLOWRATF INTFG_ATION OPTION.

ACTIVATED BY NPC(2?) = It AND IWPF|I) = 1.

THE PROPELLANT CnN_UMFD BY THE SPECIFIED

ENGINES FOR THE SPECIAL FLOWRATE INTEGRATION

OPTION. AClIVATED BY NPC(27| = I, AND

IWRF(I| = ].

VALUE OF NET THRUST FCR ENGINE J.

CALCULATED IF NPCIq)=I,2.

NET THRUST |VACUUM THRUST CORRECTED FOR

ATMOSPHERIC BACKPRESSURE EFFECTS). CALCULATED

IF NPC(9)=I,2.

TMXB

TMYB

TMZB

TVAC

W1)J

J=l • 15

WDDT

WEICON

WPROP

FT-LBS

(N-M)

LBS

(N)

LBISEC

IN/S)

LBISEC

(N/S)

LBS

{N)

LBS

IN)

THE TOTAL THRUST MOMENTS APOUT IHE VEHICLE

ROLL, PIICH AND YAW BODY AXFS.

VACUUM THRUST. CALCULATED IF NPC(O)=].

TABLE LOOK-UP VALUF OF FLOWRATE FOR ENGINE J.

CALCULATED IF NPC(O)=I,2.

TOTAL WEIGHT FLOW_ATE.

THE AMOUNT OF PROPELLANT CO_,'SUMFD SINCE IT

WAS ZEROED OUT BY INPUT.

WEIGHT OF THE REMAINING PROPELLANT.
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b.A.lq RANGE CALCULATIONS

THE PROGRAM HAS THE CAPABILITY TO CALCULATE DOWNRANGEt

CROSSRANGEt AND DOT PRODUCT (NON-DIRECTIONAL) RANGE BASED ON
SEVERAL DEFINITIONS OF THESE PARAMETEPS. THF DESIRED OPTION

IS SELECTED BY THE APPROPRIATE INPUT OF NPCfl2). THE DOT PRODUCT

RANGE IS CALCULATED REGARDLESS OF THE SPECIFIC C'PTION SELECTED

FOR DOWNRANGE AND CROSSRANGE.

1HE VARIABLES ASSOCIATED WITH THF RANGE CALCULATIONS ARE

INPUT IN NAMELIST GFNDAl AND ARE AS FOLL(3WS -

INPUT STORED

SYMBOL UNITS VALUE DEFINIIION

NPC(I2) INIEGFR 0

ALTRE F N.MI.

(KM)

AZREF DEG C.

CLCDMX DECIMAL

CROSSRANCE AND DOWNRANGE OPTION FLAG.

= O, DC NOT CALCtlLATE CRCSSRANGE AND

DOWI_,P ANC- F.

= ], CONPUTE CROSSRANGE |CRRNG| AND

DOWhRANGE (DWNRNG) BASED ON

RELATIVE CREAT CIRCLES.

= 2, COMPUIF CRRNG A_'D DWNRNG BASED

ON INERTIAL GREAT CIRCLES.

= 3, COMPUTE CRR_qG AND DWNRNG RELATIVE

It'7 THE GP'PUND TRACK OF THE

REFERFFtCE CIRCULAR ORBIT

DEFINED PY ALTREF AND AZREF.

= 4, ZFRO OUT CRPNC- AND COMPUIE

DW_NG USING THE ERFGUET RANGE

E_UATIt_N FOP CRUISE FLIGHT.

100. ALTIIUDF OF THE REFERENCE CIRCULAR

ORBIT FOR USE IN C_MPUIING THE

CPOSSRA_CF RELATIVE TO lt_E GROUND

TRACK OF THF RFFFRFNCE ORBIT. USED

IF NPCII2)=3.

THE AZIMUTH REFERENCE FOR USE IN

COMPUTINC DWNRNG AND CRRNG. IlSED

IF NPCI]?)=],2,3.

O. THE VALUF OF IHF MAXIMUM LIFT TO DRAG

RATIf_ FO_ CRUISE FLIGHT USED TO

COMPUTE DOWNRANGE (DWNRNG) BY MEANS

OF THE FREGUFT F(_UATION. USED IF

NPC(12)=_.
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b.A.]9. RANGE CALCULATION_ {CC'_NTD|

INPUT STOR ED

SYMBOL UNITS VALUE DEFINITION

LATR E F D EG O.

LON R E F

GEFERENCE LATIIldDE AND LONGITL_)E

FOR USE IN COMPLITING THE VARIOUS

RANGE PARAMEIFRS. U__ED IF NPC(I2)

=It2t3,4.

TIMRE F DECIMAL O. THE REFFR_NCE TIMF TO BE USED FOR THE

INERTIAL RANGE CALCULATIONS. USED

IF NPCi]2)=2.

THE OUTPUTS ASSOCIATFD WITH THE F ANGF CALCIILATI{_NS ARE

AS FOLLOWS -

OUTPUT

SYMBOL UNITS DEF INITION

CRRNG N.MI.

(KM)

DPRNG I N.MI.

DPRNG2 IKM )

DWNRNG N.MI.

(KM)

RS FT

(M)

RSO FT

IM)

CROSSRANGE DISTAMCF.

=It2,3.

CALCULATED IF NPC(12|

THE DOT PRODUCT (NON-DIRECTIONAL) RANGE FROM

THE REFERENCE POINT (SPECIFIED BY LATREF AND

LONREF) TO THE CURPENT VEHICLE POSITION (GCLAT

AND LONG). THE AVFRAGE RADIUS TO THE SURFACE

OF THE OBLATE PLANFT BETWEEN THE INITIAL AND

CURRENT VEHICLE LOCATION_ I_ U_ED IN THE

CALCULATION OF DPR_!G] AND P PRNG2. DPRNG| IS

ALWAYS LESS THAN _ALF THr EARTH_ CIRCUMFERENCE_

WHEREAS DPRNG2 WILL BF GRFATFR THAN HALF THE

EARTHS CIRCUMFERENCE IF THE VEHICLE TRAVELS

MORE THAN HALF THE EARTHS CIRCUMFERENCE.

CALCULATED IF NPC112)=1_ 2,3 ,4.

DOWNRANGE DTSIANCE. CALCULATED IF NPC(12)

=It2_3t4.

RADIUS TO THE SURFACE OF THE OBLATE PLANET.

USFD TO COMPUTE ALTITP AND IN THE RANGE

CALCULATIONS IF NPC(I2I=I_2t3.

PAD]US TO THE SURFACE OF THE OBLATE AT THE

LAIIIUDE SPECIFIED BY LATREF. USED IN THE

RANGE CALCULATIONS IF NPCII2)=]t2,3.
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6.A .20 SPECIAL CALCULAT]ON_ FEATURE

THE PROGRAM HAS A FEATURE THAT ALLOWS THE PROGRAM TO BE

MODIFIED QUICKLY TO CALCULATE SPECIAL VARIABLES OF A TEMPORARY

NATURE. THIS IS ACCOMPLISHED THROUGH THE USE OF SPECIAL INPUT

VARIABLES {NSPEC AND SPECI) AND OUTPUT VARIABLES SPECVJt J=lo9.

THE DESIRED CALCULATIONS ARE PROGRAMMED INTO SUBROUTINE CALSPEC

USING THE SPECIAL VARIABLES (NSPECt SPECI, SPECV) AND ANY OF THE

REGULAR PROGRAM VARIABLES. IN THIS MANNER• THE INPUT/OUTPUT

AND INTERNAL PROGRAM INTERFACES ARE ALWAYS AVAILABLE.

THE STEPS REOUIRED TO UTILIZE THIS FEATURE ARE AS FOLLOWS -

]. DETERMINE THE EQUATIONS TO BE PROGRAMMED.

. DEFINE ANY FLAGS TO BE USED AS THE INPUT ARRAY NSPEC(J)t

J:It5. THESE FLAGS ARE PRESET TO ZERO IF NOT INPUT.

e DEFINE ANY INPUT VARIABLES TO BE USED AS THE ARRAY

SPEC](JIt J=Itg. THESE VARIABLES ARE PQESET TO ZERO IF

NOT INPUT.

4. DEFINE THE DESIRED OUTPUT VARIABLES AS THE ARRAY SPECV(J)

J=ltg. THE OUTPUT SYMBOL FOR THIS ARRAY IS SPECVJt

J=l tg.

CODE THE DESIRED EQUATIONS INTO SUBROUTINE CALSPEC. THE

ARRAYS TEMP(I) AND STEMPII), I=1,25 SHOULD BE USED FOR

ANY INTERMEDIATE CALCULATIONS TO MINIMIZE THE CORE

REGUIREMENTS.

. THE VARIABLES SPECVJ CAN BE U_ED AS DEPENDFNT VARIABLESt

OPTIMIZATION VARIABLE• TABLF ARGUMENTS• ETC. THE INPUT

VARIABLES _PECIJ CAN BE USED AS INDEPENDENT VARIABLESt

DEPENDENT VARIABLES• TABLE- ARGUMFNTS_ ETC.
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6.A.20. SPECIAL CALCULATIONS FEATUDE ICONID)

THE VARIABLES ASSOCIATED WITH THIS OPTI["N ARE INPUT IN

NAMELIST GENDAT AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

NSPEC (J) INTEGER O

J=I,5

THE ARRAY OF INPUT FLAGS FOR USE IN

THF SPFCIAL CALCULATIONS ROUTINE

(CALSPEC).

SPECI |J) DECIMAL O.

J=! ,9

THE CfINSTANT VALUED INPUT VARIABLES

FOR USF IN IHE SPECIAL CALCULATIONS

ROUTINF (CALSPFC).

THE OUTPUTS ASSOCIATED WITH THIS OPTION ARF AS FOLLOWS -

OUT PUT

SYMBOL UNITS DEF INIT ION

SPECVJ

J=I ,9

DFCIMAL THE OUTPUT VARIABLES ASSOCIATED WITH THE

SPECIAL CALCULATI(_NS ROUTINE (CALSPEC).
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b.A.21. STATIC TRIM INPUTS
'.-"

THIS OPTION IS NOT AVAILABLF IN 6D PC'ST. THE POINT MASS

VERSION OF POST MUST BE U.KED TO OBTAIN THIS OPTION.
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6.A.22. TIME REFERENCE INPUTS

THERE ARE SEVERAL TIME REFERENCES AVAILABLE WHICh ALLOW THE

USER TO INITIATE EVENTS OR INPUT TABLE DATA AS FUNCTIONS OF ANY OF

THESE TIME REFERENCES.

THE VARIOUS TIMES ARE SUMMARIZED AS-

II TRAJECTORY TIME (TIME),

2) TIME SINCE THE LAST EVE_'T (TIMFSIt

3) TIME SINCE THE LAST PRIMARY EVENT (TDURP)t AND

4) FOUR TIMES WHICP CAN BE REFERENCED FROM ANY

ARBITRARY POINT (TIMRFJ_ J-It4|.

INITIAL VALUES OF TIME AND TIMRFJ CAN BE INPUT. THESE INPUTS

ARE CALLED TIMEO AND TIMRF(J), RESPECTIVELY, AND THE INPUTS

ARE MADE VIA NAMELI-C,T GENDAT. THE PHASE TIMES, TIMES AND TDURPt

ARE STRICTLY OUTPU1 VARIABLES AND CANNCT BE CHANGED BY INPUT.

THE FOUR REFFRENCE TIMES ARE INTEGRATED WHEN THEIR DEPIVATIVESt

DTIMR(J)_ ARE INPUT NONZERO. THESE ARE THE DERIVATIVES OF TIMRFJ

WITH RESPECT TO TIME. IF TIMRFJ IS TO BE SECONDS, THE DERIVATIVE

DTIMR(J) SHOULD BE INPUT AS I. IF TIMRFJ IS TO PE MINUTES, THEN

DTIMRiJ) SHOULD BE INPUT AS ]/60. IF _IMRFJ IS TO _E HOURS, THEN

DTIMRiJ) SHOULD BE INPUT AS I/3bO0, FTC. ANOTHER USE OF TIMRFJ

IS THAT OF SIMULATING TIMER ERRORS. IN THIS CASE, DIIMR(J) WOULD

BE INPUT DIFFERENT FROM I. FOR EXAMPLF_ A PLUS 2 PERCENT TIMER

ERROR FOR REFERENCE TIME ] WOULD BE SIMULATED BY INPUTTING

DTIMR (I)= l.02.

THE INPUTS FOR THE REFERENCE TIMES ARE AS FOLLOWS -

INPUT

SYMBOL

STORED

UNITS VALUE DEF IN ITIPN

TIME SF_C O.

DTIMR (J) SEC O.

J=l ,4

THE INITIAL VALUE OF TRAJECTORY TIME.

THE DERIVATIVE OF TIME REFERENCE J.

THIS INPLIT ACTIVATES THE INTEGRATION

OF TIMRF(J) WHEN INPUI NONZERO. IT

ALSO IS THE DERIVAIIVE OF TIMRF(J)

WITH RESPECT TO TIME AND SHOULD BE

INPUT EQUAL TO I EXCEPT WHEN

SIMULATING TIMER ERRORS.
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6.A.22. TIME REFERENCE INPUTS |CgNTD)
..... D

INPUT STORED

SYMBOL UNITS VALUE DEFINITICN

TIMRF(J) SEC O.

J=It4

TIME REFERENCE J. THESE TIMES ARE

ACTIVATED WHFN THFIR DERIVATIVES ARE

INPUT NONZERD° THE DERIVATIVES ARE

INPUT AS DTIMR(JI. TIMRF(J) ACCUM-

ULATES L_NIIL IT IS RESET BY INPUTv OR

UNTIL 1HE DERIVATIVF DTIMR(J) IS

INPUT EQUAL TO ZEPO.

THE OUTPUTS ASSOCIATED WITH THE lIME REFERENCES ARE AS

FOLLOWS -

OUTPUT

SYMBOL UNITS DEFINITION

TIME SEC

TIMRFJ SEC

J=l_4

TDURP S EC

TIMES SEC

CURRENT TRAJECTORY [PROPLEM) TIME.

REFERENCE TIMES. THESE WILL PE CALCULATED

IF THE DERIVATIVFS (DTIMR(J)_J=]_4| ARE

INPUT GRFAIER THAN ZERO.

THE TIME SINCE THE CCCURRENC[ OF THE LAST

PRIMARY EVENT.

THE TIME SINCE THF _EF_IN,_INC_ OF THE CURRENT
PHASE.
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6°Ao23. TRACKING SIAIION- _

THIS OPTION IS NOT AVAILABLE IN 6D PO.(.:I. IHE POINT MASS

VERSION OF POST MU_T BE USED TO OBTAIN _,._IISOPII(_N.
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b,A,2/,, VEHICLE/PROPELLANT WETGPT INPUTS (CONTD)

INPUT

SYMBOL UNITS

STO R ED

VALUE DEFINITION

WPLD LBS O.

(N)

THE PAYLOAD WEIGHT. THIS PARAMETER

CAN ONLY RE INPUT IN A PHASE IF WGTSG

IS ALSO INPUT FOR THAI PHASE. IN

THIS CA.CEt WGT_G MUST EE INPUT AS
THE GROSS WEICHT WITHOUT ANY PAYLOAD

WEIGHT. THE VALUE OF WPLD WILL BE

CARRIED OVER FROM ONE PHASE TO THE

NEXT UNLESS OVERRIDDEN BY LATER INPUT.

WPROP I LPS O.

(N)

THE INIlIAL WEIGHT OF PROPELLANT.

THI._ PARAMETER IS NOT USED TO COMPUTE

THE GROSS WEIGHT OF THE VEHICLE BUT

IS USED ONLY AS AN INDICATOR OF THE

AVAILABLE P_OPELLANT FOR A GIVEN

STAGE SO THAT IHF REMAINING PROPELLANT

IWPRCP) CAN BE COMPUTED FOR USE AS A

CRITERIA VARI_FLF OR A-_ PART OF ThE

WEIGHT TO BE JFTTISONED BASED ON THE

VALUE OF NPC (13).

THE TABLE INPUTS ASSOCIATED WITH THE VE_ICLEIPROPELLANT

WEIGHT CALCULATIONS ARE INPUT IN NAMELIST TAB AND APE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

FMASSI DECIMAL O. A TAI_.LE WHICH IS t_SED IN CONJUNCTION

WITH NPC(17) TO DFTERMINE THE VALUF
CF WJETTM AS FOLLOWS -

IF NPClI?)=It COMPUTE WJETTM AS
WJETTM : WPRnPI/FMASST-WPROPI

IF NPC(17)=3t COMPtrrE WJETTM AS

WJETTM = FMASST
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b.A.24. VEHICLE/PRCPELLANT WEIGHT INPHTS (CONTD)

THE CUTPUTS ASSOCIATED WITH THE VFHICLE/PRC_PELLANT WEIGHT

PARAMETERS ARE AS FOLLOWS -

C_JTPUT

SYMBOL
D

UNITS DEF INITIDN

DMASS SLUGS/SEC RATE OF CHANGE IN VEHICLF MASS.

{KG/S)

MASS SLUGS

(KG)

VEHICLE MASS.

PJETTS LES

(N)

THE PROPELLANT WFICHI TO BE JETIISONED.

CALCULATED INTEPNeLLY BY THF PROGRAM BASED ON

THE VALUE OF NPC(13).

PWDOT LBISEC

(N/S)

THE FLOWPATE RESULTIN(, F!OM THE SUMMAIION OF

INDIVIDUAL FLOWRAT_S OF IHF FNCINE_ INCLUDED

IN THE SPFCIAL FLOWRATF INTFGRATION OPTION.

ACTIVATED BY NPC(2?) = I, AND IWPFqI) = I.

PWPROP LP

(N)

THE PROPELLANT C_NSUMED PY THE SPECIFIED

ENGINES FOR THE SPECIAL FLOWPATE INIEGRATION

OPTION. ACTIVATED BY NPC(2?) = It AND

IWPFII) = I.

WDOT LB/SEC

(N/S)

TOTAL WEIGHT FLCWRATE.

WEICON LBS

IN)

THE AMOUNT OF PROPFLLA_!I CCiNSUM[D SINCE IT

WAS ZEROED OUT _Y ]NPtil.

WE IGHT LBS

(N)

WJETTM LBS

IN)

CURRENT VEHICLE WEIGHT.

THE JETIISON WEIGHT CALCULATED INTERNALLY BY

THE PROGRAM BA_ED ON 1HE VALUE OF NPC{17}.

WPR 0 P L B S

(N)

WEIGHT OF THE RFMAINING PROPELLANT.
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b.A.25. VELOCITY LOSSES

THIS OPTION IS NgT AVA]'LABLF IN 6D PEST. THE POINT MASS

VERSION OF POST MUST BE USED TO OETAIN THIS PPTICIN.
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6.A.26. VELOCIIY MARGIN CALCULATIONS

THIS OPTION IS NOT AVAILABLE IN 6D Pr)ST. THE POIN1 MASS

VERSION OF POST MUST BE USED TO OETAIN IHIS OPTION,,
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6.A.2T. WEIGHT CALCULATION OPTION

THE PROGRAM CAN OPTIONALLY COMPUIE THE WEIGHT OR THE RATE

OF CHANGE OF WEIGHT THROUGH A WEIGHT CALCULATION OPTION THAT

ALLOWS THE WEIGHT AND FLOW RATE TO BE SPECIFIED AS A SUM OF TWO

TABLES. THIS OPTION CAN BE USED TO SIMULATE ABLATION DURING
ASCENT OR REENTRY.

THE FOLLOWING VARIABLES ASSOCIATED WITH THE WEIGHT CALCULATION
OPTION ARE INPUT IN NAMELIST GENDAT -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

NPC(30) INTEGER O

WGTJT LBS O.

J=l,2 (N)

WGTDJT LBISEC O.

J=|,2 (N/S)

A FLAG "t_ _PECIFY 1HE WEIGHT

CALCULATION OPTION TO BE USED.

= O, DO NOT USF WEIGHT CALCULATION

OPTION.

: |, CALCULATE WEIGHT AS THE SUM OF

IAPLFS WGTIT AND WGT2T.

WEIGHT = WCTIT ÷ WGT2T

= 2t CALCULATE FLOW RATE AS THE SUM

OF TABLES WGTD|T AND WGTD2T.

WDOT = WGTD]T + WGTD2T

TABLES U_.ED TO COMPUTE WEIGHT WHEN

NPC|30):].

TABLES USED TO COMPUTE FLOW RATE

WHEN NPC(30)=2.





6oA.28. SUN-SHADOW AND SUN ANGLE OPTION
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THIS OPTION IS NOT AVAILABLE IN 6D POST. THE POINT MASS

VERSION OF POST MUST BE USED TO OBTAIN THIS OPTION.





PA_E 6.B.O. I

6.B. METHODSOF GUIDANCE (STEERING)

THE C_UIDANCE (STEERING) OPTIONS CONTROL THE ATTITUDE OF THE

VEHICLE DURING THE TRAJECTORY SIMULATION.

THE ADDITION OF GUIDANCE AND AUTOPILOT MODULES REQUIRES

KNOWLEDGE OF THE PROGRAM CALLING SEQUENCE AND THE INTERACTION

OF RELATED SUBROUTINES. THE CORRECT SIMULATION OF GUIDANCE AND

AUTOPILOT FUNCTIONS REQUIRES THAT THE GUIDANCE AND AUTOPILOT

ROUTINES BE ISOLATED FROM THE TRAJECTORY SIMULATOR WITH

PROPER INTERFACES. FOR EXAMPLE, THE GUIDANCE SYSTEM MUST OBTAIN

ALL ITS INFORMATION FROM THE SENSOR MODEL. OTHERWISE, ONLY IDEAL

GUIDANCE SITUATIONS CAN BE SIMULATED.

THE OUTER-LOOP SUBROUTINES ARE CALLED FROM SUBROUTINE PHZXM

IN THE FOLLOWING SEOUENCE -

SUBROUTINE FUNCTION

CYCXMI

TGOEM

CLC_M

CYCXM2

INFXM

DYNXM

AUXFM

CALSPE

COMPUTE REFERENCE TIMES |ATIMEt

GTIME, _'D TREF).

COMPUTE TIME TO GO TO NEXT EVENT

(TGO).

COMPUTE GUIDANCE AK_) AUTOPILOT

COMMANDS.

CCMPUTE INTEGRATION INTERVAL (DELT).

PRINT OUT PU'T.

COMPUTE FQUATIf}NS OF MOTION {INNER--

LgOP CALCULATIONS).

COMPUTE AUXILIARY VARIABLES.

COMPUTE SPECIAL VARIABLES.

THE GUIDANCE ROUTINE CLGM CALLS "THE FOLLOWING ROUTINES

SEQUENTIALLY -

SUBROUTINE FUNCTION

GSENSR CONVERT SIMLEATOR IREAL WORLD)

PARAMETFRS TO GUIDANCE SENSED

PARAMETERS.

GNAV COMPUTE NAVIGATIfIN EQUATIONS.
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6.P. METHODS OF GUIDANCE (STEFRING) iCONTDI

SUBROUTINE FUNCTION

GGUID COMPUTE GUIDANCE COMMANDS.

GCNTRL COMPUTE AUTOPILOT COMMANDS.

THE EQUATIONS OF MOTION ARE INTEGRATED IN THE INNER-LOOP

VIA SUBROUTINE DYNXM. SUBROUTINE MOTION IS THE MAIN ROUTINE IN

THE CALCULATION OF THE EQUATIONS OF MOIION AND IS CALLED

INDIRECTLY BY DYNXM. THIS ROUTINE, IN TURNt SEQUENTIALLY CALLS

THE FOLLOWING SUBROUTINES -

SUBROUTINE FUNCTION

MASSP

ATMOS

WINDS

IBMTRX

OLGM

HINCM

AUTOPM

CONTM

AFRO

AEROHI

PR_P

COMPUTF VEHICLF WEIGHT AND MASS

PROPERT IF S.

COMPUTE ATM{_SPHERIC PARAMETERS.

COMPUTE WIND VELOCITY.

COMPUTE VEHICLF DIRECTION COSINES

(IB MATRIX).

COMPUTE _PEN-LOOP STEERING ERROR

COMMANDS (RFILBER, PIIBER, YAWBER).

COMPUTE CONTROl SURFACE HINGE

MOMENTS.

COMPUTE AUTP.PILCT COMMANDS (ROLACt

PITAC, YAWAC) GIVEN THE BODY ATTITUDE

ERRORS (RE)LEER, PITBERt YAWEER).

COMPUTE SURFACE DEFLECTIONS DR

ENGINE DEFLECTIONS GIVEN THE

AUTOPILOT C OMMAND_ |ROLACt PIIACt

YAWAC) AND THE INPUT MIXING GAINS.

COMPUIE AERODYNAMIC FORCES AND

MOMENTS GIVFN THE CONTROL SURFACE

DEFLECTIONS (DFLA, DELE, DELRI.

COMPUTE AFRO HEATING PARAMETERS.

COMPUTF THRUST FOPCES AND MOMENTS

GIVEN THF ENC-TNE DFFLECTIONS IN PITCH

AND YAW (DEP(I|t DEYII)).
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METHODS OF GUIDANCE (STEFRTNG) |CONTD|

SUBROUTINE FUNCTION

AIRFM COMPUTE TOTAL FXTERNAL FORCES AND

MOMENTS.

T M, TM COMPUTE TRANSLATI_.NAL ACCELERATIONS.

R MOTM COMPUTE RCTATIONAL ACCELERATIONS.

THE PROGRAM CAN SIMULATE EITHER OPEN-LOPP OR CLOSED LOOP

GUIDANCE SYSTEMS. IN GENERAL, GUIDANCE SYSTEMS ARE VEHICLE

AND MISSION DEPENDENT. AS A RESULT, SPECIFIC SYSTEMS CAN

ONLY BE SIMULATED ACCURATELY BY PROGPAMMING THE EQUATIONS

REOUIRED TO MODEL THE SPECIFIC SYSTEM TO THE DEGREE OF

COMPLEXITY REQUIRED FOR THE APPLICATION BEING STI_)IED.

SPECIFIC GUIDANCE MODEL5 CAN BE ADDED "/_ THE PROGRAM BY

MEANS OF THE FOLLOWING PROCEDURE -

1. DETERMINE THE EQUATIONS TO BE PROGRAMMED.

To DEFINE ANY FLAGS TO BE USED AT THE INPUT ARRAY IGF(J)t

J=It6. THESE FLAGS ARE PRESET TO ZERO IF NOT INPUT.

0 DEFINE ANY INPUT VARIABLES T_ BF USED AS THE ARRAY

GVRItJ),J:I,IO. THESE FLAGS ARE PRESET TO ZERO IF NO1

INPUT.

. DEFINE ANY OUTPUT VARIABLES TO BE USED AS THE ARRAY

GVRC(J), J=l,|O. THE OUTPUT SYMBOL FOR THIS ARRAY IS

GVRCJv 3=1,10.

INPUT THE VARIABLE IGUID(14)=], FOR OPEN-LOOP GUIDANCE

DR =2t FOR CLOSED-LOOP GUIDANCE.

0 CODE THE DESIRED EQUATIONS INTO SUBROUTINE OLGM FOR

OPEN-LOOP GUIDANCE OR INTO RCUTINES GSENSR, GNAVt

GGUIDt AND GCNTRL FOR CLOSED-LOOP GUIDANCE. IHE OUTPUTS

OF THE GUIDANCE MUST BE THE BODY ATTITUDE ERRORS

(ROLBER_ PITBER_ YAWBER} WHICH ARE OPERATED ON BY

THE AUTOPILOT. THE USER CAN ._UPPLY HI_ OWN AUTOPIL01

BY ADDING THE APPROPRIATE CODING IN SUBROUTINE AUTOP.

0 THE VARIABLES GVRIJ, J=I,lO CAN PE USED AS INDEPENDENT

VARIABLES FOR THE TARGETING/OPTIMIZATION OPTION AND THE

VARIABLES GVRCJ, J=ItIO CAN BE USED AS DEPENDENT VARI-

ABLES OR AS AN OPTIMIZATICN VARIABLE.
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6.B. METHOD.K OF GUIDANCF (STFFRINC-I (C(_NTD)

/

THE -_PECIFIC OPEN AND CLOSED-LOOP GUIDANCE MODELS

AVAILABLE IN THE PROGRAM ARE SUMMARIZED BELOW. THE OPEN-LO{_P

MODELS AVAILAPLE ARE -

I, COMMAND BODY RATES AS OBTAINED FROM TABLE LOOK-UPS

OF ROLTt PITTv AND YAWT. THESE TABLES CAN BE
INPUT AS STEP FUNCTIONS.

2. COMMAND INERTIAL FULER ANGLES OBTAINED FROM TABLE

LOOK-UPS OF ROLT9 YAWT, AND PITT. THESE EULER

ANGLES ARE MEASURED WITH RESPECT TO THE LAUNCH

INERTIAL I L) COORDINATE SYSTEM IN A ROLLt YAWt

PITCH ROTATION SEQUENCE.

THE CLOSED-LOOP GUIDANCE MODELS AVAIIAPLE ARE -

|. AN ASCENT MODEL WHICH FOLLOW5 AN INPUT ALTITUDE

PROF ] l E.

2. A REENTRY MODEL FOR THE SHLrTTLF VEHICLE.

THE PROGRAM CONTAINS A GUIDANCE TIME CHANNEL WHICH CAN PE

USED TO SIMULATE GUIDANCE CYCLE TIMES WHICH ARF INDEPENDENT OF

THE SIMULATOR CYCLE TIMES,, THERE ARE THREE BASIC OPTIONS

INHERENT IN THE GUIDANCE TIME CHANNEL AS FOLLOWS -

I! DIG NOT INPUT AND CDT NOT COMPUTED. THE C-UIDANCE ROUIINE

WILL BE CALLED ONCE EVERY SIMULATOR INTEGRATION STEP.

2) DTG INPUT AND GOT NOT COMPUTED. THE GUIDANCE ROUTINE

WILL BE CALLED ONLY EVERY D1¢, SECONDS ._TA_IING FROM

C-TIME.

3) DIG INPUT AND GDT COMPUTED. C,DT OVFRRIDES DIG IF GDT

IS NOT EQUAL TO ZERO. THERE IS CURRENTLY NO LOGIC IN

THE PROGRAM TO CALCULATE GDT. AS A RESULT, THIS LOGIC

MUST BE SUPPLIED BY THE USFR.

THE INPUT VARIABLES ASSOCIATED WI_H THE C-UIDANCE MODULE ARE

INPUT IN NAMFLIST GENDAT AND ARE AS FOLLOW K -
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6.E. METHODS OF GUIDANCE (STEERING) IC_NTD)

INPUT STORED

SYMBOL UNIIS VALUE DEFINITICN

IGUID{I4) INTEGER 0 A FLAG TO SELECT THE TYPE OF

GUIDANCF TO BE USED.

= Ot NO GUIDANCE.

= It USE OPEN-LOOP GUIDANCE.

- 2t USE CLr_SED-LOOP GUIDANCE.

IGUID (16 } INTEGER 0 A FLAG TC SELECT THE OPEN-LOOP

GUIDANCE OPTION TO BE USED.

= It COMMAND t_,ODY RAIES AS TABLES.

= 2, COMMAND INERTIAL ANGLES AS

TAELES.

IGUID (17) INTEGER 0 A FLAG T9 SELECT THE CLOSED-LEE)P

GUIDANCE OPTION T{ _ BE USED.

= It USE THE ASCENT GUIDANCE.

= 2t USE THE RFFNTEY GUIDANCE.

DTG S EC I .0 E 300 THE GUIDANCE CYCLE TIME.

USED IF CDT IS ZERO.

DIG IS

GTIME SEC 1 IME/DTG THE TIME AT WHICH THE GUIDANCE

WAS LAST ENTFRFD.

GVRI (J)

J= I _ IO

DECIMAL O. THE CONSTANT VALUED INPUT VARIABLES

FOR USE WITH THF C.FNERAL GUIDANCE

OPTIONS.

IGF(J )

J=It6

INTEGER 0 THE ARRAY OF INPUT FLAGS FOR USE

WITH THE GENERAL GUIDANCE OPTIONS.

THE OUTPUT_ ASSOCIATED WITH THIS PPTION ARE AS FOLLOWS -

OUT PU T

SYMBOL UNITS DEF INIT ION

GDT

GTIME

SEC

SEC

THE GUIDANCE C_MPUTFD CYCLE lIME. IF GDT

IS GREATER IHAN ZERO, IT OVFRRIDES DIG.

THE TIME AT WHICH THE GUIDANCE WAS LAST

ENTERED.



PAGE 6.B°0.6

6.B. METHODS OF GUIDANCE tSTEF_ING) {CONTDI

OUTPUT

SYMBOL UNITS DEFINITION

GVRCJ DECIMAL

J= I, I0

ROLBER

PITEER

YAWBER

TIMEG

DEG

SEC

1HE OUTPUT VARIABLFS ASSOCIATED WITH THE

GENERAL GUIDANCE CPTIONS.

THE ATTITUDE ERRORS APOUT THE VEHICLE ROLL_
PITCH AND YAW EODY AXES.

IHE TIME AT WHICH THE GUIDARCE IS TO EE

REENTERED.
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6.1_.I . OPEN--LOOP GUIDAE'CE MODEL

COMMAND BODY RATES

THIS OPTION IS OBTAINED WHEN IGUID(I4)=], AND IGUID(Ib)=I,

ARE INPUT IN NAMFLIST GENDAT.

WHEN THIS OPTION IS USED, THE COMMANDED RATES ARE Oe.TAINED

FROM TAPLF INTERPOLATION AS FOLLOWS -

RPLBDC = ROLM_ROLT

PITBDC = PITM_PITT

YAWPDC = YAWM*YAWI

WHERE THE TABLE MULTIPLIER IS INPUT IN NAMELISI T_LMLI, AND

THE TABLE IS INPUT IN NAMELIST TAB. THI. ¢ PPTIC_t IS GENERAL BECAUSE

THESE TABLES CAN BE MONOVARIANT, BIVARIANTt CR TRIVARIANT FUNCTIONS

OF ANY INTEPNALLY C_MPUIED VARIAFLES (.':EF SFCTIF'N fin TABLE INPUTS).

THE COMMANDED _ODY RATES ARE INTEGRATED TO YIELD THE

COMMANDED BODY ANGLES. THE BODY ERRORS ARE !I-_EN COMPUTED AS -

RCLBER = ROLB - ROLBC

PIIBER : PITB - PITBC

YAWE-ER = YAWB - YAWPC

COMMAND INERTIAL EULER ANGELES

THIS OPTION IS OBTAINED WHEN IGUID(]4):It AND IGUID(16)=2,

ARE INPUT IN NAMELI-¢T GENDAT.

WHEN _IS OP'rIC_ IS USED, THE COMMANDED ANGLES ARE OBTAIN[D

FROM TABLE IFJTERPOLATION AS FOLLOWS -

ROLIGC : ROLMtROLT

YAWIGC : YAWM_YAWT

PIIIGC : PITM*PITT

TPE INERTIAL AllrITUDE EPRORS ARE COMPUTED AS -

YAWIER = YAWI - YAWIGC

PITIER = PIlI - PITIGC

ROLIE_ = ROLI - ROLIGC
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6.P.]. CPFP_-LPOP GUIDANCE- Ht_DEL (CON'vD)

WHICH ARE THEN TRANSFORMED INTO BfIDY ERRORS.

THF INPUT PROCEDURE FOR THIS OPTIE'N IS -

]l INPUT IGUID(]4)=I,

2) INPUT IGUID(I6): TO THE DFSIRFD VALUF.

_) INPUT IGUIDI]2)= THE DESIRED VALUEr

_,) I_'PtIT I_E VALUE OF 1HE TAELE ML!LTIPLIEP IN NAMFLI._I IFLMLI.

5) INPUT IF,F IA_LF_ ¢ ROLT_ YAWl, AND Pill .

IHE CP.N__TANI V_LUED INPUT VARIAFLF_ FOR THaT MP.[,ULF ARF

Ih_PUT IN _'AMFL.I._,I GFNDAT AND ARE AS FPLLOWS -

I_PUI SIORED

.¢YMP.PL UNIT_ VALUF DFFINITIFN

IGUID(]4) IkTEGER 0 A FLAG 1[" SELECT IF_E 1YPE [_F
GLIIDA_,CE TO BE U.cF[ _.

= C y NO C-.UIPANCE.

= ]t t_;YF C_F_N-L_C'F _ CU'_PAh_CE.

= 2_ tPSF CLt_SFP.-Lt-C¢ ) f-UIDAI_CE.

IGI}ID (16) IPIFGER C A FLAG TC' SELECT T_E ['PEN--L_OP

GUIDANCE CPII{]_' T'. BE USEr_.

- ]) CPM_'AND PC'DY _ATE. _ AS TAPLFS.

= 2) CC'_Nf, IPEPTIAL A_.{LES AS

TAPL ES.

IPF TAPLEY F[:R THIS MCDEL A_F ]h'PUI IN _.'A_EL IST TAP

AN[) ARE AS FPLL(_WS -

INPIII _IORED

SYMBOL_ U_']TS VALUE DF FI_'II If'N

_F_LT

YAWl

PITT

DEC. 0.0 TAPLES P.F PPLL_ YAk _ AND PITCH

ANGLE_ P._ FATEF.
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6.B.|. OPEN--LOOP GUIDANCE MODEL (CON'/D)

THE OUTPUT VARIABLES FOR THIS MODULE ARE AS FOLLOWS -

OUTPUT

SYMBOL UNITS DEFINITION

ROLBC

PITBC

YAWBC

ROLBDC

PIT_DC

YAWBDC

ROLBER

PITBER

YAWBER

ROLIER

YAWIER

PITIER

ROLIGC

YAWIGC

PIIIGC

DFC-

DEG/SEC

DEG

OEG

DEG

THE COMMANDED POLL, PITCH A_tD YAW BODY

ANGLES. CALCULATFD IF ICUID(I6):I.

THE COMMANDED ROLL, PITCH AND YAW PODY

PATES. CALCULATED IF IGUID(]6)=].

THE ALTITUDE EP,RORE APOUI "f_E VEHICLE ROLL,

PITCH AND YAW BODY #.XF_.

THE INERTIAL ROLL, YAW AND PITC_ ATTITUDE

ERRORS. CALCULATED IF IC-LIIDII6)=2.

THE COMMANDED ROLL, YAW AND PIICH INERIIAL

EULER ANGLES. CALCULATED IF IGUID(]6):2.



q
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b.B.2. ASCENT GUIDANCF MODEL.

THIS OPTION IS OBTAINED WHEN IGUID(14-I=Zt AND IGUIDI16|=I9
ARE INPUT IN NAMELIST GENDAT.

THE ASCENT GUIDANCE MODEL IS AN ALTITUDE PRCFILE MODEL.

THE ALTITUDE PROFILE CAN BE INPUT AS A FUNCTION OF ANY COMPUTED

VARIABLE IN THE LIST OF OUTPUT VARIABLFS.

THE EQUATIONS AND LOGIC FOR THIS MODFL ARE SUMMARIZED AS

FOLLDWS -

I) IF IGSTRI = O_ SET COMMANDS I0 ZERO AND RETURN.

2) IF IGINIT = It INITIALIZE GUIDANCE CALCULATIONS.

3) COMPUTE VELOCITY RELATIVE TO L FP.AME ALONG THE YL

(OUT-OF-PLANE) AXIS (VP_N).

4| SUM THE OUT-OF-PLANE VELOCITY TO DP_,TAIN OUT--OF-PLANE

POSITION COMPONENT |VBNS|.

5| IF TIME SINCE INITIALIZATION IXNL| IS LESS THAN GTIMEIt

USE TABLE LOOK-UPS OF ROLT, YAWT_ AND PITT AS COMMANDS.

6| IF XNL IS GREATER THAN GTIMEI AND LFSS THAN GTIME2t

COMPUTE ROLL AND YAW COMMANDS TO NULL OUT-OF-PLANE

ERROR AND COMPUTE PITCH COMMANDS FROM TABLE LOOK--UP

OF PITT. THE ROLL AND YAW COMMANDS ARE GIVEN BY -

FSC = |YAWPK || )_wVBN ÷YAWPK ( 2 |w_VBN S )_TR

RPLIGC = SIN(ROLI)_FSC ÷ GENTAB(ROLT)

YAWIGC = -COS(YAWII*FSC

WHERE TR IS THE TIME SINCE INITIALIZATION AND

YAWPKII)t I:It2 ARE INPUT GAINS.

7| IF XNL IS C-REATER THAN GTIME2_ C{_MPUTF ROLL AND YAW

COMMANDS AS IN STEP b AND COMhUTE THE PITCH COMMAND

AS FOLLOWS-

PITIGC = GENTAB|PITT| - GENTAPIKHT)_IALTIT{I-HP)

- GENTA L:J:| K t.-¢)T ) . i-V ( 3 )-HDp )

WHERE HP = GFNTAB(HPT) ABD HOP = GENIAB(HDPT)t

KHT AND KHDT ARE THE INPUT GAIN TABLES FOR ALTITUDE

AND ALTITUDE RATE ERRORS AND HPT AND HDPT ARE THE

INPUT ALTITIDE AND ALTITUDF RATE TABLES.

B| LIMIT THE COMMANDED ANGLES AND RATES TO THE INPUT

LIMIT VALUES.
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6.B.2. ASCENT GUIDANCE MCDEL ICONTDI

o) COMPUTE THE INERTIAL ATTITUDF FRRORF (ROLIER, YAWIERt

PITIFR) ABD CONVERT TO BODY ATTITUDE ERRORS (ROLBERt

PITBER, YAW_ER) AND RETURN.

THE CONSTANT VALUED INPUT VARIABLES FOR THIS MODULE ARE

INPUT IN NAMELIST GENDAT AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

IGUID (I4) INTFGER 0

IGUID (]7) INTEGER 0

GTIMEI SEC

GTIME2

IGINIT INTEGER 0

IGSTRT INIECER 0

0.0

A FLAG TO SELECT THE TYPE OF

GUIDANCE TO EE USED.

- Or NO GUIDANCE.

= It USF_ OPFN-LOOP GUIDANCE.

" 2t USE CLCSED-LOOP GUIDANCE.

A FLAG TO SELECT THE CLOSED-LOOP
GUIDANCE OPTION TO [_E USED.

= It USE THF ASCENT GUIDANCE.

= 2, U-C,F THE RFENTRY GUIDANCE.

THE TIMES TO BEGIN THE OPEN LOOP

ATTITUDE COMMANDS AND CLOSED LOOP

ALTITUDE-VELOCITY PROFILE COMMANDS

RESPECTIVELY_ FOP "THE ASCENT

GUIDANCE.

A FLAG TO. INDICATE THAT THE SHUTTLE
ASCFNT GUIDANCF EOUATIC_qS ARE TO EE

INIIIALIZED.

= Or DO NOT INITIALIZF THE ASCENT

GUIDANCE.

= I, INITIALIZE THF ASCENT

GUIDANCE.

A FLAG TO INDICAT c: THAT THE SHUTTLE

ASCENT GUIDANC r: COMMANDS ARE TO BE

USED.

= O, ZERO OUT THE COMMANDS.

= It USE THE CALCULATED COMMANDS.
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6.B.2. ASCENT GUIDANCE MODEL (CONTD)
o

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

ROLIDL

YAWIDL

PITIDL

DEG/SEC I .OE20 THE INERTIAL EULER ANGLE RATE LIMITS

FOR THE SHUTTLE ASCENT GUIDANCE.

ROLINL

YAWINL

PITINL

DEG -I.OE20 THE INERTIAL EULE_ ANGLE NEGATIVE

LIMIT FCR THE SHUTTLE ASCENT

GUIDANCE.

RnLIPL

YAWIPL

PITIPL

DEG 1.0E20 THE INERTIAL EULER ANGLE POSITIVE

LIMII FOR THE SHUTTLE ASCENT

GUIDANCE.

YAWPK (I) NID 0.0

I=It2

THE YAW GAINS FOR THE VELOCITY

AND POSITION FRRORS, RFSPECTIVELYv

FOR THE ASCENT GUIDANCE.

THE TABLES FOR THIS MODEL ARE INPUT IN NAMELIST TAB

AND ARE AS FCLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITICN

HDPT FT/SEC O.0

HPT FT 0.0

KHDT N/D 0.0

KHT NID 0 .O

POLT

YAWT

PITT

DEC 0.0

THE ALTIIUDF RATE PROFILE TAELE

FDR THE A._CFNT GLIIDANCE.

THE ALTITLff)E PROFILE TABLE FOR

THE ASCENT GUIDANCE.

IHE ALTITUDE RATF ERROR GAIN

TAPLF FOR THE ASCENT GUIDANCE°

THE ALTITUDF ERROR GAIN IABLE

F_R THE ASCENT GUIDANCE.

THE INERTIAL R_LLt YAW AND PITCH

ANGLE COMMAND TAELES TO BE USED

FROM STAPT OF GUIDANCE UNTIL

GTIME2 SECONDS LATER.
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6.P .2 o ASCENT GUIDANCE MP.DEL ICONTD)

THE OUTPUT VARIABLES FOR THIS MODULE ARE AS FOLLOWS -

OUTPUT

SYMBOL UNITS DEFINITION

HDP

HP

ROLBER

PITBER

YAWP, E R

ROLIER

YAWIER

PIIIER

ROLIGC

YAWIGC

PITIGC

FT/SEC

FT

DEC

DEG

DEC_

THE PROGRAMMED ALIITUDE RATE FROM 1ABLE HOPT.

THE PROGRAMMED ALTITUDE FROM IABLE HPT.

THE ATTITUDE ERRORS APOUT l_E VEHICLE ROLLt

PITCH AND YAW BODY AXES.

THE INERTIAL ATTITUDE ERRORS IN RC!LL_ YAW

AND PITCH. COMPUTED AS THE ACIUAL MINUS

THF COMMANDED INFRTIAL AITITUD_.

INERTIAL ROLLt Y_W AND PITCH _NGLE GUIDANCE

CCMMAND,_.
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6.B.3. REENTRY GUIDANCE MODEL

THIS OPTION IS OBTAINED WHEN IGUID(14)=2, AND IGUID(I6)=2,

ARE INPUT IN NAMELISI GENDAT.

THE REENTRY GUIDANCE MODEL IS THE SHUTTLE DRAG PROFILE

MODEL. THIS MODEL CALCULATES THE ANGLE OF ATTACK (ALPGCI AND

RELATIVE ROLL ANGLE (ROLRGC) REOUIRED TO LIMIT THE AERODYNAMIC

HEATING AND ACCELERATION LEVELS TO SPECIFIED VALUES WHILE

SATISFYING THE RANGING REQUIREMENTS FOR TARGETING TO A SPECIFIED

LANDING SITE.

THIS MODEL WAS OBTAINED FROM THE FOLLOWING DOCUMENT -

ANALYTICAL DRAG CONTROL ENTRY GUIDANCF_ SYSTEM

JON C. HARPOLD_ JOHNSON SPACE CENTrR

JSC INTERNAL NOTE NO. 74-FM-25t APRIt 15, 1074

THE CONSTANT VALUED INPUT VARIAPLES FOR THIS MPDULE ARE

INPUT IN NAMELIST C ENDAT AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

IGUID (14) INIEGER 0

IGUID(17) INTEGER O

ISTRT INTEGER 0

ITRANS INTEGER O

ISLECT INTE6ER 0

A FLAG TC_ SELECT THE TYPE OF

GUIDANCE TO BE U_FD.

= 0, NO C-UIDANCE.

= ], USE OPEN-LOOP GUIDANCE.

- 2t USE CLOSED-LOOP GUIDANCE.

A FLAG I(I SELECT THE CLOSED-LOOP

GUIDANCE OPTION TO BE USED.

= I_ USE THE ASCENT C_UIDANCE.

= 2, USE THE REENTRY GUIDANCE.

GUIDANCE INITIALIZATION FLAG.

= O, INITIALIZE.

= I, DO NOT INITIALIZE.

TRANSITION PHASE FLAG.

= O, START AT REE_!TRY INTERFACE.

= It STAPT AT TRANSITION PHASE.

GUIDANCE PHASE SELECTOR.

= ], CONSTANT HEAT RATE PHASE.

= 2, EQUILIBRIUM GLIDE RANGING PHASE.

= 3_ CONSTANT G RANGING PHASE.

= 4, TRANSITION PHASE.
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6.B.3. RFENTRY GUIDANCE MODEL (CONTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

RAZD DEG -_.

TLATCD DEG 0.0

TLONGD DEG 0.0

THE RUNWAY AZIMUTH OF THF TARGET

(LANDING SITE) .

1HE GEOCENTRIC LATITUDE PF THE

TARGET.

THE LONGITUDF OF THE TARGET MEASURED

EAST OF THE GRFENWICH MERIDIAN.

THE OUTPUT VARIAP.LES FOR THI. ( MODULE ARE A_ FOLLOWS -

_UTPUT

SYMHOL UNITS DEFINITION

ALDREF

ALPGC

DELAZ

DRAGGC

DRAGRP

LC!D 1

RDTREF

RK2ROL

ROLRGC

SLECT

TRANGE

N/D

DFG

R AD

L/O REFERENCE USED IN CONTR{ILLER.

THE ANGLE OF ATTACK GtlIDANCF C_MMAND.

AZIMUTH ERROR.

FTISEC**2 GUIDANCE COMPUTED DRAG ACCELERATION LEVEL.

FTISEC**2 DRAG REFERENCE USED IN CONTROLLER.

N/I)

FT/SEC

N/D

DEG

N/D

N.MI.

DESIRED VERTICAL L/D.

ALTITUDE RATE REFERENCE.

ROLL DIRECTION INDICATOR FLAG.

= +|, ROLL RIGHT.

= -1• ROLL LEFT.

THE RELATIVE- ROLL ANGLE GUIDANCE CL)MMAND.

PRINTOUT VALUE OF ISLFCT.

RELATIVE GREAT CIRCLE RANGE TO TAR_-ET.
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b.C. TABLE MULTIPLIER INPUT

EACH TABLE HAS ITS OWN NUMERIC MULTIPLIER. ALL NUMERIC TABLE

MULTIPLIERS ARE INPUT IN NAMELIST TBLMLT. THE INPUT SYMBOL FOR A

NUMERIC MULTIPLIER IS ALWAYS FORMED BY REPLACING THE T AT THE

END OF THE TABLE NAME BY AN M WHICH DENOTES MULTIPLIER. FOR

EXAMPLEt THE MULTIPLIER FOR TABLF PREST I[ PPESM. ALL NUMERIC

MULTIPLIERS ARE PRESET TO I.O IN THE PROGRAM UNLESS OVERRIDDEN

BY INPUT.

IN ADDITION TO THE NUMERIC TABLE MULTIPLIERS, THERE ARE SOME

SPECIAL PURPOSE MULTIPLIERS FOR CERTAIN AERODYNAMIC TABLES WHICH

ARE SPECIFIED BY HOLLERITH NAMES. THESE ARE CALLED MNEMONIC

MULTIPLIERS AND CAN BE ANY INTERNALLY COMPUTFD VARIABLE WHICH IS

IN THE OUTPUT VARIABLE LIST. THESE MULTIPLIFRS ARE USED TO

MULTIPLY TABLE LOOK-UP VALUES OF THE CP,RRESPONDING AERODYNAMIC

COEFFICIENT TABLES. ALL MNEMONIC MULTIPLIERS ARE INPUT IN

NAMELIS1 TFLMLT. THE LIST OF MNEMONIC MULTIPLIERS IS PRESENTED

IN SECTION 6.A.I.

SOME EXAMPLES OF HOW THESE MNEMONIC TABLE MULTIPLIERS ARE

USED ARE AS FOLLOWS -

l) ASSUME THAT THE NORMAL F_RCE COEFFICIFNT SLOPE IS GIVEN

PER DEGREE ALPHA. IN THIS CASEt CNAT WOULD BE INPUI AS

THE COEFFICIENT SLOPE WITH CNANM INPUT AS

CNANM = 5HALPHAt

THE CNAT TABLE LOOK-UP VALUE WOULD THEN BE MULTIPLIED

BY THE VALUE OF ALPHA TO OBTAIN THE VALUE _F IHE

NORMAL FORCE COEFFICIENT.

2) ASSUME THAT THE NORMAL FOQCE COEFFICIENT I-_ GIVEN AS

A BIVARIANT FUNCTION OF ALPHA AND MACH. IN THIS CASE,

THE MNEMONIC MULTIPLIER ENANM WOULD BE INPUT AS

CNANM = 3HONEr

THE NORMAL FORCE COEFFICIENI WOULD THEN BE THE ACTUAL

TABLE LOOK-UP VALUE.
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6°D,,, TABLE DAIA INPUT

THE TABLE INPUTS FOR POST ARE GENERALIZED TO INCLUDE -

l} ALLOWABLE SIZE FOR EACH TABLE OF 2500 ENTRIES. THIS

VALUE CAN BE CHANGED BY A SIMPLE PROGRAM MODIFICATION

TO SATISFY USER REQUIREMENTS. THE NUMBER OF CURVES OF

A BIVARIANT TABLE DR SURFACES OF A TRIVARIANT TABLE TO

BE RESIDENT IN MEMORY AT ANY TIME CAN BE USER SPECIFIED

FOR EACH TABLE.

THE TOTAL SIZE OF ALL MEMORY RESIDENT TABLES IS LIMITED

BY THE FIELD LENGTH REQUESTED ON THE JOE CARD.

21 GENERALIZED ARGUMENT SPFCIEICATI_., THE ARGUMENT TO

P,E USED FOR EACH TABLE IS SPECIFIED BY INPU1 AND CAN

BE ANY COMPUTED OUTPUT VARIABLE.

3) CONSTANT VALUED( MONOVARIANTt BIVAP, IAN_t OR IRIVARIANT

TABLE TYPES,

4) LINEAR INTERPOLATION CAPABILITY. A MONOVARIANT

TABLE CAN ALSO BE INPUT A5 A STEP TABLE.

EACH TABLE IS INPUT IN NAMELIST TAB AS 1HE ARRAY TABLE.

AS A RESULT( EACH TABLE BEING INPUT RECUIRES A FFPARATF INPUT

OF NAMELIST TAB. TERMINATION OF THE TABLE INPUT DATA FOR A GIVEN

PHASE IS INDICATED EY THE PRESENCE OF ENDPHS=It IN THE LAST

INPUT OF NAMELIST TAB FOR THAT PHASE.

THE ELEMENTS CF THE TABLE ARRAY ARE DIFFERENT DEPENDING

ON THE TYPE OF TABLE BEING INPUT.

TABLE POINTERS ARE USED BY THE _ABLE LOEqK-UP ROUTINES FOR

ALL TABLES (EXCEPT CONSTANT VALUED TABLES) TC _ PROVIDE EFFICIENT

OPERATION OF THE TA£LE LOOK-UP ROUTINES. THESE POINTERS SHOULD

ALWAYS eE INPUT AS I. THE NUMBER OF POINTER_ FOR A GIVEN

TABLE DEPENDS ON THE TABLE TYPE_ I.E.( MCNOVARIANTt BIVARIANTv

OR IRIVARIANT. FOR EXAMPLE_ A MONOVARIANT TABLE HAS ] POINTER

WHICH IS INPUT AS TABLE ITIt A BIVARIANT TABLE HAS 5 POINTERS

W_ICH ARE INPUT AS IAPLEfIO) THROUGH TABLEII4)t AND A TRIVAR--

IANT TABLE HAS 2I P_INTERS WHICH ARE INPUT AS TAELEI]3) THROUGH

TABLE (33).

TABLE DISK OPTION

PORTIONS OF BIVARIANT OR TRIVARIAN1 TABLES CAN BE SIORED

ON MASS STORAGE (DISK) BY USE OF THE DISK OPTION. THIS ALLOWS

A CONSIDERABLE REDUCTION OF REQUIRED MEMORY WHEN LARGE BIVARIANT

AND TRIVARIANT TABLES ARE REQUIRED. THE INPUT IDISKI ALLOWS THE
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6.D. TABLE DATA INPUT (CONTD)

USER TD SPECIFY HOW MANY CURVES OF A BIVARIANI TABLE OR HOW MANY

SURFACES FOR A TRIVARIANT TABLE ARE TO BF MAINTAIN[:D RESIDENT IN

MEMORY FOR INTERPOLATION. IF THE Y AXIS OF A FIVARIANT TABLE OR

THE Z AXIS OF A TRIVARIANT TABLE IS CHANGING SLOWLY DURING THE

SIMULATION THEN ONLY 2 CURVES OR SURFACES MAY PE RFFQUIRED. IF

THESE PARAMETERS ARE CHANGING RAPIDLY THEN MPRF MEMORY RESIDENT

CURVES OR SURFACES MAY BE REQUIRED. THE VALUE OF DISK USED

SHOULD BE DETERMINED BY USER JUDGEMENT AND EXPERIENCE TO OBIAIN

MINIMUM MEMPRY REQUIREMENTS WITHIN ACCEPTABLE I/O OVERHEAD. IF

_DISK' IS NOT INPUI OR IT IS INPUT AS ZFPOt THF ENIIRE TAPLF

WILL BE MEMCRY RESIDENT, AT LEAST TWP SI_RFAC_S OR CURVES ARE

ALWAYS MFMORY RESIDENT,

CDN._IANT VALUED TAPLES

TABLE (] )

TABLE 12 )

lAB, L[: (3)

THF TABLE ELEMENTS FOR CCNSIANT VALUED IAPLFS ARE -

THE HOLL[:RIT_ NAME OF THF _#BLF.

TF_E IABLE TYPE.

: 0 t CONSTANT VALUED TAP LE.

THE TABLE VALUF. t, TYPICAL CC'V_IAh'T VALUED

TABLE WOt_LD EE INPU't AS FCLtC'WS -

TABLE:6FTVCIT _0,20OOOOO.t

MC'NOVAPIANT IABLES

MONCVARIANT TABLES ARE FORMFD BY A SERIFS PF E_PDERED PAIRS

OF X AND F(X/ WHICH REPRESENT A CURVE:. THE CURVF IT A SERIES OF

LINE ._GMENTS IF LINEAR INTERPOLATION IS IISFD AND I_- A SERIES OF

SMOOTH LINES IF CUBIC INTERPPLATION IS USED.

THF SIZE OF A M_NOVARIANT TABLF I-_ O_TAINFt+ PY -

N = ? + 2_NX
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6.D. TABLF DATA INPUT (CPNTD)

THE TABLE FLFMFN_S FOR MONOVARIANT TABLES ARE -

TABLE (I) THE HOLLERITH NAME OF THF TABLE.

TABLE (2) THE TABLE TYPE,.

---It MONPVARIANT TABLE WPFRF TH r X VALUES

ARE TO _E U._FP A; INTFGPAIICN POINTS.

THE TABLE A_GUMENT MU_T BE SOME FORM OF

TIME, I.F.t TIME, TDUDPt TIMFSt EIC.t

AND NPC(2C) MidST _E INPUT AS ] .

= It MO_E_VARIAh!T TAPLF.

IABLF(3) THE Ht_LLEF_IIP NAMF t"F Tl-_r-X ARr.t,MFNT.

TABLE (4) THE NUMBER OF X V_LllEF lh; T_'F Ct!RVF.

TABLE(5) THE INTEPPCLATION 1YPE.

= O, STEP TAPLF, I.E., N[" I_;IERr'_LATI[_N.

= I, LINEAR INTE_'PCLATIC_,.

TAB LF (6) THE TYPE OF X VALUES.

:-l, DECREASING VALUES.

= 1, INCPFASING VALUES.

TABLE (7) THF INITIAL VALUE PF IHE X P(_I*,'!ER.

TABLE ( _ ) THE FIRST IAPLE VALUE (X]). A TYPICAL MONO-

VARIANT TABLE WOULD BE I_,PIY'r AS FOLLOWS -

TAB LE=6HALPHAT, I ,6_PACH tL,1,1,1,

XI, F(X] )iX2 vF(X2 ! ,... ,XL ,F (YL) ,

BIVA_IANT TAF LES

BIVAPIANT TABLES APE FOPMED BY A FAMILY OF MON_VAPIANT

CURVES_ WhERF A MONCVAPIAMT CURVE IS Ih'PUT FCR FACE VALUE OF Y.

AS A RESULT, THE ARGUMENTS ARE X AND Y ANIb TOE FUNZ_IO_ IS

F(X_Y). THE X ARGUMENTS IN EACH CURVE DO NOT _FFD l[; PE THE

SAME VALUEr HOWEVER, THERE MU__T BE THF SAME NtrPFFR OF X VALUES

IN EACH CURVE.

THE SIZE OF A FIVARIANT TA_LE I.( OBTAI_,_rD PY -

N = 14 + MY_(2_NX+I)
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6.D. TABLE DATA INPUT (CL'NTD)

TABLE ( 1 )

TAPLE (2)

IABLE (3l

TABLE (4)

TAPLE(51

TABLE (6 I

TABLE (7l

TABLE(8)

TAELE (9)

TABLE (IO|

TAP LE lI ] )

TABLE ( 12 )

TABLE (13)

TABLE (]4l

THE TABLE ELEMENTS FOR BIVARIANT TABLES ARE -

THE HOLLERITH NAME OF THF TABLE.

THE TABLE TYPE.

= 2t BIVARIANT TABLE.

THE HOLLERITH NAME OF THE X ARGUMENT.

THE HDLLERITH NAME PF THF Y ARGUMENT.

THE NUMBER DF X VALUE. _ IN EACH CURVE.

THE NUM_,E_ OF Y VALUES (CUPVES) IN THE FAMILY.

THE INTERPOLATION IYPE.

= 1_, LINEAR INTERPOLATION.

THE TYPE OF X VALUES.

=-I, DECREASINC- VALUE_.

= ], INCREASING VALUF_.

THE TYPE OF Y VALUES.

=-I _ DECREASING VALUFF.

: It INCREA$INC VALUES.

THE INITIAL VALLIF C!F THF_ YL CURVE POINTER

(INPUT = IT.

THE INITIAL VALUE _F THE X _PINTER ON THE

YI CURVE (INPUT = ]).

THE INITIAL VALUE PF THE X POINlrFR [tN THE
YL+I CURVE (INPUT = ]).

THE INITIAL VALUE CF THE X P_INTER ON THE

YL+2 CURVE (INPUT = I).

THE INITIAL VALUE CF THE X P_IN_ER ON THE

YL÷3 CURVE (INPUT = I).



P_GE 6•D•0•5

6•D. TABLE DATA INPUT (CON'I'D)

TAB LE ( ] 5 ) THE FIRST TAELE VALUE (YI). A 1YPICAL BI-

VARIANT TABLE WOULD BE INPU1 AS FOLLOWS -

TAB LE=6HCDT t2 tbHMACH 1,6HAL P HA tLtMt

1 _191tltltlvI_lt

Y1 t XI tF ( X1 tY1) iX2 _F (X_tY ] ) _ . •. • XL_ F (XLtY1 } t
Y2_ XItF IXI_Y?) tX2 _ F (X?tY2} • . •• • XLtF (X L_Y2 ) •

YMtXIvF(X] _YN)tX2tFiX2_YN}• •..tXLtF|XLtYM)t

TR IVARIANT TABLES

TRIVARIANT TABLES ARE FORMED BY A FAMILY OF BIVARIANT

TABLES_ WHERE A BIVARIANT TABLE IS INPUT FfIR EACH VALUE OF Z.

AS A RESULTt THE ARGUMENTS ARE XtYtZ AND THE FUNCTION IS F|X_YtZ).

THE Y ARGUMENTS IN EACH BIVARIANT TABLF NFFD NOT BE THE SAME

VALUEr HOWEVERt THERE MUST BE THE SAME NUMBFR OF Y VALUES IN EACH

BIVAR IANT TABLE•

THE SIZE OF A IRIVARIANT TABLE IS OBTAINED BY -

N = 33 + NZ*(NYW_(2W_NX*I)*])

THF TABLE ELEMENTS FOR TRIVARIANT TABLES A_E -

TABLE (])

TABLE (2)

TABLE (3)

1AELE (4)

TABLE (5)

TABLE 16,)

IABLE (T)

TAB LE (P,)

THF HOLLERITH NAME OF THE TABLE.

THE TABLE 1YPE.

= 3t TRIVARIANT TABLE.

THE HOLLERITH NAME OF THF X ARGUMENT,,

THE HOLLERITH NAME OF THE Y ARGUMENT.

THE HOLLERITH NAME OF THE Z ARGUMENT.

THE NUMBER OF X VALUES IN EACH CURVE.

ThE NUMBER OF Y VALUES |CURVES) IN EACH FAMILY•

THE NUMBER OF Z VALUES (FAMILIF_) IN THE TAELE.
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TABLE DATA INPUT (CONTO)

TABLE(g)

TABLE (IO)

TABLF (11)

TABLE (121

TABLE 113)

TABLE (14)

TABLE (151

TABLE (16)

TABLE (]71

TABLE(Ie)

TABLE (]91

TABLE (20)

TABLE (21)

TABLE (22)

THE INTERPOLATION TYPE.

= It LINEAR INTERPOLATION.

THE TYPE OF X VALUES.

=-It DECREASING VALUES.

= 1, INCREASING VALUES

THE TYPE OF Y VALUES°

=-19 DECREASING VALUES.

= ] t INCREASING VALUES

THE TYPE OF Z VALUES.

=-1, DECREASING VALUES.

= 1, INCREASING VALUES

THE INITIAL VALUE OF THE ZL FAMILY POINTER

(INPUT = 1).

THE INITIAL VALUE OF THE YL POINTER IN THE

ZL FAMILY (INPUT = 11.

THE INITIAL VALUE OF THE YL POINTER IN THE

ZL+I FAMILY (INPUT = 11o

THE INITIAL VALUE OF THE YL POINTEP IN THE

ZL+2 FAMILY (INPUT = 1).

THE INITIAL VALUE OF THE YL POINTER IN THE

ZL+3 FAMILY (INPUT = I).

THE INITIAL VALUE OF THE X POINTER ON THE

YL CURVE OF THE ZL FAMILY (INPUT = 1).

THE INITIAL VALUE OF THE X POINTER ON THE

VL+l CURVE OF THE ZL FAMILY (INPUT = 11.

THE INITIAL VALUE OF THE X POINIER ON THE

YL+2 CURVE OF IHE ZL FAMILY (INPUT : l).

THE INITIAL VALUE OF THE X POINTER ON THE

YL+3 CURVE OF THE ZL FAMILY (INPUT : I).

THE INITIAL VALUE OF THE X POINTER ON THE

YL CURVE OF THE ZL+I FAMILY (INPUT = I).
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6.D. TABLE DATA INPUT (CONTDI

TABLE (23)

TABLE (24)

TABLE (25)

TABLE (2b)

TABLE (27)

TABLE ( 28 |

1ABLE (291

TAP, L E ( 30 )

TABLE (31)

TAP,LE (32)

TAP,LE (33)

THE INITIAL VALUE OF THE X POINTER ON THE

YL+I CURVE OF THE ZL+| FAMILY (INPUT = I).

THE INITIAL VALUE OF THE X POINTER ON THE

YL+2 CURVE OF THE ZL+] FAMILY (INPUT = IT.

THE INITIAL VALUE OF THE X POINTER ON THE

YL+3 CURVE OF THE ZL+] FAMILY (INPUI = 1).

THE INITIAL VALUE OF THE X POINTER ON THE

YL CURVE OF THE ZL+2 FAMILY (INPUT - I).

THE INITIAL VALUE OF THE X POINTER ON THE

YL+I CURVE OF IHE ZL+2 FAMILY (INPUT = 1).

THE INITIAL VALUF (_F THE X POINTER ON THE

YL+2 CURVE OF THE ZL+2 FAMILY (INPUT = 1).

THE INITIAL VALUE OF THE X POINTER ON THE

YL+3 CURVE OF THE ZL+2 FAMILY (INPUT = I).

1HE INITIAL VALUE OF THE X POINTER ON THE

YL CURVE OF THE ZL+3 FAMILY (INPUT = ]).

THE INITIAL VALUE OF IHF X POINTER ON THE

YL+] CURVE OF THE ZL+3 FAMILY (INPUT "- I).

THE INITIAL VALUE OF THE X POINTER ON THE

YL+2 CURVE OF THE ZL+3 FAMILY (INPUT = 1).

THE INITIAL VALUE OF THE X POINIER ON THE

YL+3 CURVE OF THE ZL+3 FAMILY (INPUI : ]).
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6°D° TAB LE DATA INPUT (CONTO)

TABLE(34) THE FIRST TABLE VALUE (ZI). A TYPICAL TRI-

VARIANT TAPLE WOULD BF INPUT A._ FOLLOWS -

TABLE=SHHTRTTt3tbHALTITOt4HVFLA tSHALPHA •LtMtNt

ltltl•ltltltl•ltltltltltltl_ltltltltltltltIt
ltl•l•

ZltYltXIvFIXI•YltZ1 lt---•XttFlXttYltZl) •

YM•XI_F(X]ltYM•Z] )•..otXL_F(XLtYMtZ] )•

ZZtYI•XI•F(XltYItZ2lt.., tXL tF(XL_Y] sZ2) t
O

e

YMtXI•F(X]•YM•Z2)•.o°vXL _F(XLtYM•Z2)•

ZNgYI•XI•F(XI_YI•ZN)t.ootXLtF(Xt•YI•ZN)•

e

YM_XI tF|Xl •YM•ZN)t o. o •XL tF(XLtYMtZN) •
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6.E. SIX DEGREE OF FREEDCM NODULES,

THIS SECTION DESCRIBES 1HF MODULES WHICH ARE PECULIAR

TO THE SIX DEGRFE OF FREEDOM CAPABILITY.
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6.E°I. CONTROLS/AIRFRAME MODULES

THE CONTROLS MODULE ACCEPTS THE AUTDPILOT COMMANDS AND

CONVERTS THEM INTO CONTROL SURFACE AND/OR ENGINE DEFLECTIONS

BASED ON A SIMPLE MIXING LOGIC.

THE MIXING OF THE COMMANDS IS DONE BASFD ON THE VALUE

OF THE GAINS SPECIFIED BY USER INPUT. THE PROGRAM CURRENTLY

DOES NOT ALLOW THE MIXING OF CONTROL SURFACE DEFLECTIONS AND

ENGINE DEFLECTIONS. THE CONTROLS MODULE CURRENTLY USES ENGINE

DEFLECTIONS TO IMPLEMENT THE ASCENT AUTOPILOT COMMANDS AND

CONTROL SURFACE DEFLECTIONS TO IMPLEMENT THE REENTRY AUTOPILOT

COMMANDS.

THE SIGN CONVENTIONS FOR THE MIXING rAINS DEPEND DIRECTLY

ON THE SIGN CONVENTIONS FOR THE ATTITUDE FRRPRS. TPF ATTITUDE

ERRORS FOR THE ASCENT AUTOPILOT ARE CALCULATED AS -

ERROR = ACTUAL ANGLE - COMMANDED ANGLE.

THE SIGN CONVENTIONS FOR THE ATTITUDE ERRCR_ FOR THE

ASCENT AUTOPILOT RESULT IN THE FOLLOWING RELATIONSHIPS -

AUTOPILOT

COMMAND

REQUIRED VEHICLE

MRT IF'N

POSITIVE POLL

ERROR (+ROLAC)

POSITIVE PITCH

ERROR (*PITAC)

POSITIVE YAW

ERROR (+Y_WAC)

NEGATIVE POLL

(ROLL LEFT)

NEGATIVE PITCH

(PITCH DOWN)

NEGATIVE YAW

(YAW LEFT)

THE ASCENT AUTOPILOT CONVERTS THE ATTITUDE FRRORS INTO ROLL,

PIICH AND YAW COMMANDS (ROLAC, PITAC, YAWAC). THESE COMMANDS

ARE THEN MIXED AS F_LLOWS TO PRODUCE THE REQUIRED PITCH AND YAW

ENGINE DEFLECTIONS -

DEPII) = DEPOII) + KRDP(II*ROLAC + KPDPIII*PITAC

DEY!I) : DEYO(1) * KRDYII)*RnLAC + KYDY(I)*YAWAC

THE SIGN CONVENTIONS FOR THE ENCINE DEFLECTIONS ARE

SUMMARIZED AS FOLLOW. ¢ FOR THE CASE WHERE THE ENGINE GIMBAL IS
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6°F.1. CONTROLS/AIRFRAME NODULES (CONTD)

AFT OF THE VEHICLE CENTER-OF-GRAVZTY_ I.E.t WHERE GXP IS GREATER

THAN XCG -

ENGINE VEHICLE

DEFLECTION RESPONSE

RESULTANT FORCES

AND MOMENTS

POSITIVE PITCH

(+DEP (I | )

POSITIVE YAW

(+DEY(I) I

NEGATIVE

PITCH

I-ALPHA )

NEGATIVE YAW

(+BEIA)

THE MIXING GAINS FOR AN ASCENT VEHICLE WITH TWO CONTROLLING

ENGINES IN THE PITCH PLANE WOULD BE -

ROLL - KRDP(|)=Ot KRDP(2)=Ov

KRDY( I )=-I _ KRDY(2)=+I _

IF GZPII).GT.ZCG.GT.C-ZPI2), OR

KRDY( I)=+I_ KRDY(2)=-],
IF GZP(2).GT.ZCG.GT°GZP(I ) -

PI'tCH - KPOP( I)=÷It KPDP(2I=÷It

YAW - KYDY(1)=+I• KYOY(2)=÷I_

THE MIXING GAINS FOR AN ASCENT V_HICLE WIT_ TW_ CONTROLLING

ENGINES IN T_E YAW PLANE WOULD BE -

ROLL - KRDP(ID=-I• KRDP(2)=+I•

IF GYPII).LT.YCG.LT.GYPI2), OR

KRDP(I)=+I• KRDP(2)=-I•

IF GYP(2).LT.YCG.LT.GYP(I)•

KRDY( 1)=O• KRDY( 2)'-0 9.

PITCH -- KPDP( I)=+I• KPDP(2)=+I_

YAW - KYOY(1)=+I• KYDY(2)=÷I_

THE ATTITUDE _RRORS FOR THE REENTRY AUTOPILOI ARE

CALCULATED AS -

ERROR = COMMANDED ANGLE - ACTUAL ANGLE.
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6.Eol. CONTROLS/AIRFRAME MODULES (CONTD)

THE SIGN CONVENTIONS FOR THE ATTITUDE ERRORS FOR THE

REENTRY AUTOPILOT RESULT IN THE FI':ILLOWING RELATIONSHIPS -

AU_OPILOT

COMMAND

REQUIRED VEHICLE
MOTIOI_

POSITIVE ROLL

ERROR (+RCtAC)

POSITIVE PITCH

ERROR (+PITAC)

POSITIVE YAW

ERROR !+YAWAC )

POSITIVE ROLL

tROLL RIGHT)

POSITIVE PITCH

(PITCH liP)

POSITIVE YAW

(YAW RIGHT)

THE REENTRY AUIOPILOI CONVERTS THE ATTITUD :r- FRR[_RS INTO ROLL•

PITCH AND YAW RATE COMMANDS (ROLAC• P]TAC• YAWAC). THESE COMMANDS

ARE THEN MIXED A_ F_LLOWS TO PRODUCE THE- QEGUI_FD AILERON•

ELEVATOR AND RUDDER RAIES -

DELAD : KPDA*ROLAC + KPDA*PIIAC * KYDA*YAWAC

DELED = KRDE*RELAC + KPDE*PIIAC + KYDE*YAWAC

DELRD - KRDR*ROLAC + KPDR*PITAC + KYDR*YAWAC

THE SIGN CONVEkrTIONS FOR THE AERODYNAMIC SURFACES ARE

SUMMARIZED AS FOLLOWS-

SURFACE VEHICLE RESULTANT FORCES

DEFLECTION RESPONSE AND MOMENTS

POSIIIVE AILERON POSITIVE ROLL "*CLL

(+DEL A) (+[_NKANG)

POSITIVE ELEVATOR

(+DELE)

POSITIVE RUDDER

(+DELR)

NEGATIVE PITCH

(-ALPHA)

NEGATIVE YAW

(+PFTA)

+CL •-CM

+CY •-CW
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6.E.|. CONTROLS/AIRFRAME MODULES (CONTD}

THE MIXING (;AINS FOR A REENTRY VFHICLE USING AILERONt

ELFVATI_Rt AND RUDDER CONTROL SURFACES WOULD BE _-

ROLL - KRDA=+I, KRDE=O, KRDR=09

PITCH - KPDA=O, KPDE=÷It KPDR=O,

YAW - KYDA=Ot KYDE=O, KYDR=+I,.

THE AIPFRAME MODULE CALCULATES THE TOTAL FORCES AND

MOMENTS ACTING ON THE VEHICLE BY SUMMING THE THRUST AND

AERODYNAMIC MOMENTS.

THE CONSTANT VALUED INPUT VARIABLFS ARF INPUT IN NAMELIST

GENDAT AND ARE A._, FOLLOWS -

INPUT STDR ED

SYMBOL UNITS VALUE DEFINITION

DELA

DELE

DELR

DFG 0.0 THE INITIAL VALUES OF THE AILERON,

ELEVATOR AND RUDDER CONTROL

SURFACE DEFLECTION ANGLES.

DEPMAX(I) DEG

DEYMAXII)

l=I,15

].DE20 THE MAXIMUM ALLOWABLE PITCH AND

YAW DEFLECTIONS FOR ENGINE I.

DEPO(I)

DEvO(I)

1=1,15

DEG 0.0 THE ZERO DEFLECTIC_N (NULL) VALUES

OF ENGINE I IN PITCH AND YAW.

KPDA

KPDE

KPDR

NID 0.0 THE PITCH MIXING GAINS FOR

THE AILERON, ELFVATCR AND

RUDDER CONTPOL SURFACES.

KPDPII)

I:I,]5

NID 0.0 THE PITCH MIXING _AIN FCR THE

PITCH DEFLECTION OF ENGINE I.

KRDA

KRDE

KRDR

N/D 0.0 THE ROLL MIXING GAINS FOR THE

AILERON, ELEVATOR AND RUDDER

CONTROL SURFACES.
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INPUT STO R ED

SYMBOL UNITS VALUF DEFINITIP_

KRDP(I) N/D 0.0

I:ItI5

THE ROLL MIXING GAIN FOR THE

PITCH DEFLECTION OF ENGINE I.

KRDY(I) N/D 0.0

I=1p15

THE ROLL MIXING GAIN FOR THE

YAW DFFLFCTION OF ENGINE I.

KYDA

KYDE

KYDR

N/D 0.0 THE YAW MIXING GAINS FOR THE

AILERON, ELFVATOR AND RUDDER

CONTROL ._URFACES.

KYDY(I) N/D 0.0

I-1,15

THE YAW MIXING GAIN FOR THE

YAW DEFLECTION OF ENGINE I.

THE OUTPUTS FOR THE CONTROLS/AIRFRAME MODULES ARE AS

FOLLOWS -

OUTPUT

SYMBOL UNITS DEF INITION

DELA

DELE

DELR

DELAD

DELFD

DELRD

DEP(I)

DEY(1)

I=1,15

FTTXB

FTTYB

FTTZB

TTMXB

TTMYB

TTMZ?

DEG

DEG/SEC

DEG

LBS

FT-LBS

(N-M)

THE AILERON, ELEVATOR AND RUDDER DEFLECTION

ANGLES WITH RESPECT TO THE VEHICLE BODY

AXES.

THF RATES OF CHANGE IN THE /_ILFRON9 ELEVATOP

AND RUDDER CONTRCL SURFACE DEFLECTION ANGLES.

THE PITCH AND YAW DEFLECIIOF_S WIIH RFSPECT

TO THE VEHICLE BODY AXES FO_ ENGINE I.

THE TOTAL FORCES ALONG THE VEHICLE ROLL,

PITCH AND YAW BODY AXES, RE.(:PECIIVELY.

IHF TOTAL MOMENTS ABOUT THE VEHICLE ROLL,

PITCH AND YAW BODY AXES.
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b.E.3. ROTATIONAL EQUATIONS MODULE

THE ROTATIONAL EQUATIONS MODULE" CALCULATES THE VEHICLE

ANGULAR ACCELERATIONS WHICH ARE INTEGRATED TO YIELD THE

VEHICLE BODY RATES. THE BODY RATES ARE USED TO CALCULATE THE

OUATERNION RATES WHICH ARE INTEGRATED TO YIELD THE VEHICLE

DIRECTION COSINE MATRIX WITH RESPECT TO THE EARTH-CENTERED

INERTIAL COORDINATE SYSTEM. THE VEHICLE BODY RATES ARE

INTEGRATFD TO YIELD THE BODY ANCLES W_ICH ARE USED TO COMPUIE

ATTITUDE ERRORS FUR THE AUTOPILOT.

THE DIRECTI[_ COSINE MATRIX IS INITIALIZED VIA THE

QUATERNIONS BASED ON THE VALUE OF IGUID(]2). THE USER CAN

INITIALIZE THE QUATERNIONS, AND 1HUS THE VEHICLE ATTITUDE_ IN

ANY ONE _F THREE WAYS AS FOLLOWS -

I) INPUT IGUID{I2):]_ AND ALPHA, BETA AND BNKANG AS THE

DESIRED ANGLES.

2) INPUT IC-UID(I2)--2, AND ROLl, YAWl AND PITI AS THE

DESIRED ANGLES WITH RESPECT IO THE L FPAME DEFINED

BY LATL, LONL AND AZL.

3) INPUT IGUID|12)=3, AND YAWRv PITR AND RDLR AS THE

DESIRFD ANGLES.

THE VEHICLE BODY RATES AND BODY ANCLFS (INIEGRATED BODY

RATES) ARE ALSO INPUT IN NAMFLIST GEND_.T TO COMPLETE THE

INITIALIZATION OF THE ROTATIONAL EQUAIIPNS MC'DULE.

THE CONSTANT VALUED INPUT VARIABLES FOR THIS MODULF ARE

INPUT IN NAMELISI C-ENDAT AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

IGUID(12) INTEC_FE 1 A FLAG TO SPECIFY THE

OPTION TO BE U_ED FOR VEHICLE

BODY ATTITUDE INITIALIZATION.

: ]_ INITIALIZE BODY RATES USING

ALPHA, BETA, AND BNKANG.

= 2_ INITIALIZF _ODY RATES USING

ROLTt YAWI, AND PITI.

= 3, INITI_LIZF BODY RATES USING

YAWRt PITR, A_!D ROLR.
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6.E.3. ROTATIONAL EQUATIONS MODULE (CONTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

IGUIDIIS) INTEGER 0

ALPHA D FG

BETA

BNKANG

O.

AZL DEC. O.

LATL DEG

LONL DEG

ROLB DEG

PITB
YAWB

GDLAI

LONGI

0.0

ATTITUDE RATE INITIALIZATION FLAG.
= Ot USE BODY RATFS.

(ROt I_DtPITBD tYAWBD)
= 2, USE INERTIAL EULER RATES.

I ROLID tYAWID ,PIT ]D)

= 3_ USE RELATIVE EULER RATES.

{YAWRD_PITRD tROLRD)

INITIAL VALUES OF ANGLE OF ATTACKt

SIDESLIP, AND BANKt RESPECTIVELY.

USED IF IGUID(12)=I.

THE AZIMUTH OF THE LAUNCH CENTERED

INERTIAL (L) COORDINATE SYSTEM

MEASURED FROM NC_RTH TO EAST.

LAIITUDE OF THE LAUNCH CENTERED

INERTIAL (L) COORDINATE SYSIEMo THIS

CAN BE INPUT AS EITHER GEODETIC OR

GEOCENTRIC LATITUDE. IF GEOOETIC LAT-

ITUDE IS INPUTt THE L FRAME BECOMES A

PLUMB LINE SYSTEM. IF LATL IS NOT

INPUT, I1 I. r SET EQUAL TO GDLAT.

INERTIAL EAST LONGITUDE OF THE LAL_NICH

CENTERED INERTIAL (L) COORDINATE

SYSTEM. IF LONL I-_ NOT INPUT_ IT IS

SET EOUAL Tf_ L('INGI.

THE INITIAL VALUE OF THE INTEGRATED

ROLL, PITCH AND YAW BODY RATESt
RESPECTIVELY.

ROLBD

PITBD

YAWBD

ROLI

YAWI

PITI

DEG/SEC

DFG

0.0

O.

THE INITIAL VALUE OF THE VEHICLE

ROLLt PITCH AND YAW EODY RATES

WITH RESPECT TO INERTIAL SPACE.

THE INITIAL VALUES OF THE INERTIAL

EULER ATTITUDE ANGLF._ OF THE VEHICLE

WITH RESPECT IF} THE LAUNCH PAD (L)

COORDINATE SYSTEM. USED IF

IGUID (12)=2.
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6.E.2. MASS PROPERTIES MODULE

THE PROGRAM ACCEPTS COMPOSITE MASS PROPERTIES DATA AS

TABLE INPUTS. IHE CENTER OF GRAVITY POSITION C(_PONENTS ARE

INPUT WITH RESPECT TO THE BODY REFERENCF SYSTEM AS THE XCGTt

YCGTt AND ZCGT TABLES. THE MOMENTS AND PRODL_TS OF INERTIA

ARE INPUT WITH RESPECT TO THE BODY AXIS SYSTEM WHICH IS

LOCATED AT THE VEHICLE CENTER OF GRAVITY. THE MOMENTS OF

INERTIA ARE INPUT A-_ THE IXXT, IYYT, AND IZZT TAPLES. THE

PRODUCTS OF INERTIA ARE INPUT AS THE IXYTt IXZT, AND IYZT

TABLES.

THE TABLE INPUTS FOR THE MASS PROPERTIES MI_DULE ARE INPUI

IN NAMELI_T TAR AND ARE AS FOLL_W_ -

INPUT STORED

SYMBOL UNITS VALUE DFFINITI_N

IXXT ._LUC-FT2

IYYT !KG-M2 )

IZZT

0o0 THE VEHICLE MOMENTS _F INERTIA

TABLES ABOUT TtiE VEHI(LE ROLL,

PITCH AND YAW AXE__ RESPECTIVELY.

IXYT SLUG-F12

IXZT (KG-M2)

IYZT

0.0 THE VEHICLE PRODUCTS OF INERTIA

TABLES.

XCGT FT

YCGT (M)

ZCGT

O° TABLES C?F CFNTFR-(_F-GRAVITY LOCATION

ALCNG T_F XBR,YBR, AND ZBP AXESt

RESPECTIVELY.

THE C_JTPUT VARIAPLES FOR THE MA.(_ PROPEPTIES Mf_DUL.E ARE AS

FOLLOWS -

OUTPUT

SYMBOL UNITS DEFINITION

IXX SLIIG-FT2

IYY (KG-M2)

IZZ

IXXD

IYYD

IZZD

THE VEHICLE MOMENTS OF INERTIA AEOUT THE

VEHICLE ROLL, PIICh AND YAW AXES,

RES PECT IVELY.

SL-FT2/S THE RATES OF CHANGE IN THE MOMENTS OF

(KG-M2/S) INERTIA A_OUT THE VEHICLE RP,LL, PITCH

AND YAW AXES_ RESPECTIVFLY.
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6.E.2. MASS PROPERTIES MODULE ICONTD)

OUTPUT

SYMBOL UNITS OFF ]NITION

IXY

TXZ

TYZ

IXYD

IXZD

IYZD

XC('-

YCG

ZCG

SLUG-FT2 THE VEHICLE PRODUCTS OF INERTIA.

( KG-M2 )

SL-FT2/S "THE RATFS OF CHANGF IN TIlE VEHICLE PRODUCTS

IKG-M2/S) OF INERTIA.

FT

(MI

VEHICLF CENXER-OF-CRAVITY LOCATION ALONG THE

XBR, YBR, AND ZER, RESPECTIVELY.
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b.E.3. ROTATIONAL EQUATIONS MODULE |CONTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

YAWR

PITR

ROLR

DEG 0. THE INITIAL VALUES OF THE RELATIVE

EULER ANGLES OF THE VEHICLE WITH

RESPECT lO THE LOCAL GEOGRAPHIC (G)

COORDINATE SYSTEM. LISED IF

IGUID( 12):3.

THE OUTPUT VARIABLES FOR THI. _ MCDULF ARF AS FOLLOWS -

OUT PUT

SYMBOL UNITS DEF INIT ION

ALPHA

BETA

BNKANG

OEJ

J=Ot3

FJ

J=Ot3

IBIJ

IB2J

IB3J.

J=I,3

PND

OND

RND

ROLB

RITE

YAWB

ROLBD

PITBD

YAWBD

DEG

NID

N/D

N/D

N/D

DEG

DEG/SEC

ANGLE OF ATTACK_ SIDFSLIP_ AND PANK. SEE

THE SECTION ON VEHICLE ATTITUDE ANGLES/RATES

FOR THE ._PECIFIC DEFINITIONS.

RATE OF CHANCE IN THF _UATERNI(INS.

THE VALUES OF THE OUATFRNION_ _.

THE DIRECTION COSINFS OF THF VEHICLE ROLLt

PITCH AND YAW AXES WITH RESPECT TO THE

EARTh-CENTERED INERTIAL COORDINATES.

ThE NON-DIMENSIONAL VEHICLE POLLt PITCH AND

YAW RATES ABOUT THF VEHICLE EDDY AXES. THESE

RATES ARE USED AS TABLE MULTIPLIERS FOR THE

AERODYNAMIC DAMPING DERIVATIVE COEFFICIENTS.

THE INTEGRATED VEHICLE BODY RATES ABOUT

THE VEHICLE ROLLt PITCH AND YAW AXES.

THE VEHICLE RCLL, PITCH AND YAW RATES ABOUT

THE VEHICLE BCDY AXES.
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6.E.3. ROTATIONAL EQUATIONS MODULE (CONTD)

OUTPUT

SYMBOL UNITS DEFINITION

ROLBDD

PITBDD

YAWBDD

ROLPDR

PITBDR

YAWBDR

ROLI

YAWI

PITI

YAWR

PITR

ROLR

ALPHI

BETAI

BANKI

DEG/S_'e2

RAD/SEC

DEG

DEG

DEG

VEHICLE ROLLt PITCH AND YAW ANGULAR

ACCELERATIONS.

THE ANGULAR RATES OF THE VEHICLE ABOUT

THE ROLL, PITCH AND YAW BODY AXES,,

INERTIAL VEHICLE ATTITUDE ANGLE_ MEASURED WITH

RESPECT TO THE LAUNCH PAD INERTIAL (L) COORD-

INATE SYSTEM. AT LAUNCH, ALL THREE ANGLES ARE

ZERO WHEN THE VEHICLE IS VEP1ICALt I.Eo, WHEN
XB IS IN THE RADIAL ({'_R LOCAL VERTICAL)

DIRECTION, ZP IS ALONG THE AZIMUTH SPECIFIED BY

AZL_ AND YB C_MPLETES A RIGHT-HAND SYSTEM.

VEHICLE ATTITUDE ANGLES RELATIVE TO THE LOCAL

GEOGRAPHIC (G) SYSTEM. YAWR IS THE AZIMUTH OF

THE XB AXIS MEASURED CLOCKWISE FROM NORTH, PITR

IS THE PITCH ANGLE MEASURED POSITIVE ABOVE

THE LOCAL HORIZONTAL PLANE, AND ROLR IS THE

BANK ANGLE ABOUT THE XB AXI. _ MEASURED POSITIVE

IN THE RIGHT-HAND SENSE.

INERTIAL ANGLE OF AITACK, SIDESLIP, AND BANK.
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6.F. AUTOPIL CIT MODULE

THE PROGRAM CAN SIMULATE EITHER AN UNCONTRnLLED VEHICLE

WITHOUT AN AUTOPILOT OR A CGNTROLLED VEHICLE WIIH AN AUTOPILOT.
THE AUTOPILOT MODELS AVAILABLE ARE -

]. NONE.

2. AN ASCENT ALITOPILOT.

3. A REENTRY AUTOPILDI WHICH USES AFPODYNAMIC CONTROL
SURFACES AND REACTION C_NTROL JETS SIMULTANEOUSLY.

THF AUTOPILOT MODULE SUPPLIES THE ROttt PITCH AND YAW

COMMANDS TO THE CONTROLS MUDULE . AS A RESULTt ANY NEW

AUTOPILOT MODELS WHICH MAY BE ADDED IN THE FUTURE ALSO MUST

SUPPLY THESE SAMF COMMANDS. THESE COMMANDS ARE DEFINED AS ROLAC,

PITACt AND YAWAC.

THE PROCEDURE FOR ADDING NEW AUTOPILOT MODELS IS THE SAME AS

THAT FOR ADDING NEW GUIDANCE MODELS. SECTION 6.B SHOWS THE RELATED

SUBROUTINES AND INTERACTIONS. THE AUTOPILOT PFCULIAR INSTRUCTIONS

ARE AS FOLLOWS -

]. DETFRMINE THE EQUATIONS TO BE PRPGRAMMED.

. DEFINE ADDITIONAL VALUES FOR IHE AUTOPILOT MODEL FLAG
NAUTOP.

. IF THE AUTOPILOT IS TO BE CALLED ONCE PFR INIEGRATIDN

STEP, THE MODEL SHOULD BE CALLED FROM SUBROUTINE GCNTRL.

IF THE AUTOPILOT IS TO BE CALLED ONCE PER INTERGATION

PASS_ THE MODEL SHOULD BE CALLED FROM SUBROUTINE AUTDPM.

. IF THE AUTOPILOT IS TO BF CALLFD BASED ON THE AUTOPIIOT

TIME CHANNELt THIS LE_GIC MUST BE ADDED TO THE ROUTINE

USING THE VARIABLES ATIME, TIMEA, AND DTA.

THE PROGRAM CONTAINS AN AUTOPILOT TIME CHANNEL WHICH CAN BE

USED TO SIMULATE AUTOPILOI CYCLE TIMES WHICH ARE INDEPENDENT OF

THE SIMULATOR CYCLE TIMES. THERE ARE THRFE BASIC OPTIONS

INHERENT IN THE AUTOPILOT TIME CHANNEL AS FOLLOWS -

1) DTA NOT INPUT AND ADT NOT COMPUTED. THF AUTOPIL01 ROUTINE

WILL BE CALLED ONCE EVERY SIMULATOR INTEGRATION STEP.

2) DTA INPUT AND ADT NOT COMPUTED. THE AUTOPILOI ROUTINE

WILL BE CALLED ONLY EVERY DTA SECONDS S'ARTINC- FROM

ATIME.
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6.Fo AUTOPILOT MODULE |CONTD)

3) DTA INPUT AND ADT COMPUTED. ADT OVERRIDES DTA IF ADT

IS NOT EQUAL TO ZERO. THERE I_ CURRFNTLY NO LOGIC IN

THE PROGRAM TO CALCULATE ADT. AS A RESULTt THIS LOGIC
MUST BE SUPPLIED BY THE USER.

THE INPUT VARIABLES ASSOCIATED WITH THE AUTOPILOI MODULE ARE

INPUT IN NAMELIST GFNDAT AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINI TI[_N

NAUTOP INTEGER O A FLAG TO INDICATE WHICH AUTOPILOT

MODEL IS TO BE LI_FD.

= Ot NO AUTOPILOT.

= It USE THE ASCENT AUTOPILOT.

= 2t USE THE REENTRY AUTOPILOT.

ATIME SEC TIME/DTA THE TIME AT WHICH THE AUTOPILDT

WAS LAST ENTERED.

DTA SFC ] .OE300 THE AUTOPILOT CYCLE TIME. DTA IS

USED IF ADT IS ZERO.

THE (_UTPUT VARIABLES FOR THIS MODULE ARF AS FOLLOWS -

OUTPUT

SYMBOL UNITS DEF INITION

ADT SEC

ATIME SEC

ROLAC

PITAC
YAWAC

TIMEA

DFG

SEC

THE AUTOPILOT COMPUTED CYCLE TIME. IF AD1

IS GREATER THAN ZERO, IT OVERRIDES DTA.

THE TIME AT WHICH THE AUTOPILOT WAS LAST

ENTERED.

ROLLt PITCHt AND YAW AUTOPILCq COMMANDS.

THE TIME AT WHICH THE AUTOPILOT IS TO BE

REENTERED.
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6.F.1. ASCENT AUTOPILOT MODEL

THE ASCENT AUTOPILOT IS USED IF NAUTOP=|, IS INPUT IN

NAMEL IST GENDAT.

THE ASCENT AUIOPILOT MODEL IN THE PROC-RAM IS T_E

SHUTTLE ASCENT AUTOPILOT, THIS AUTOPILOT UTILIZES ATTITUDE

ERROR_ RATE ERROR_ AND PITCH AND YAW ACCELFRATICN ERROR
LOOPS.

THIS MODEL WAS OBTAINED FROM THE FOLLOWING DOCUMENT -

DIGITAL FLIGHT CONTROL SOFTWARF DESIGN REQUIREMENTS

GUIDANCE AND CONTROL SYSTEMS PRANCH

JOHNSON SPACE CENTER

NASA SPACE SHUTTLE PROGRAM WOPKING PAPER

JULY 6, 1073

THE ASCENT AUTOPILCT CAN BE U._ED W]Tt_ EITHFR THE I_PEN

LOOP GUIDANCE OR CLCSED LOOP ASCENT GLIIDANCE MODELS.

THE ASCENT AUTOPILDT MODFL INCLUDES A L_AD RELIEF

OPTION. THE LOAD RELIEF OPTION IS O_TAINFD IF

IDRLF = 1 IS INPUT IN NAMELIST GFNDAT. THE LOAD

RELIEF FEATURE REDUCES THE ANGLES OF ATTACK AND

SIDESLIP BY USING MEASURED LATERAL ACCELERATIONS IN

PITCH AND YAW FEEDBACK LOOPS.

THE PITCH AND YAW LOAD RELIEF ACCELEP, OMFTFPS ARE ASSUMED

TO BE COINCIDENT WIIH THE VEHICLE YAW AND PITCH BODY AXESt

RESPECTIVELY. MIS_LIGNMENT ANGLES FOR THESE ACCFLEROMETERS ARE

PROVIDED SO THAT MISALIGNMENT ERRORS CAN BE SIMUtATFD.

THE ACCELEROMETER MISALIGNMENT ANGLES APE DEFINED AS FOLLOWS -

PITCH ACCELEROMETER LOCATION --

I) ROTATE ABOUT THE XB AXIS THRCIIC.H AN ANCLE OF DPHP DECREES

FROM THE ZB AXIS.

2) ROTATE ABOUT THE ONCE ROTATED YB AXIS THROUGH AN ANGLE

OF DTHP DEC, RFES.

YAW ACCELEROMETER LOCATION -

I) ROTATE ABOUT THE XB AXIS THROUGH AN ANGLE OF DPHY DEGREFS

FROM THE YB AXIS.

2) ROTATE ABOUT THE ONCE RnTATED ZB AXIS THROUGH AN ANGLE

OF DPSY DEGREES.
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6.F°I. ASCENT AUTOPILOT MODEL {CONTDI

THE MEASURED ACCELERATION AT THE ACCELEROMETER LOCATION ALONG

AXES THA1 ARE PARALLEL TO THE XB_ YB_ AND ZB AXES IS GIVEN BY -

TEMP(I) : AXB(I) + ROLBDD(I) CROSS DAXB(I)

THE MEASURED ACCELERATION FOR THE MI;ALIGNFD YAW AND PITCH

ACCELEROMETERS IS GIVEN BY -

AYBM = TEMP(I) DOT MISSY{I)

AZBM = TEMP(I) DOT MISSP(I)

WHERE - MISSY(I) = -SIN(DPSY)

MISSY(2) = COS(DPSY) t CDS(DPHY)

MISSY(3) = COSIDPSY) * SIN(DPHY)

MISSP(I) = SIN(DTHP)

MISSP(2) = -COS(DTHP) * SIN(DPHP)

MISSP(?) = COSIDTHP) * CPS(DPHP)

THE AUTOPILDT COMMANDS ARE COMPUTED AS FOLLfIWS -

ROLAC = DISR • RATR

PITAC = DISP + RATP ÷ PLDRL ÷ ANGAP + DSPINT

YAWAC = DISY ÷ RATY * YLDRL * ANGAY + DSYINT

THE CONSTANI VALUED INPUT VARIAPLFS FOR THIS MODULE ARE

INPUT IN NAMELIS1 ('-ENDAT AND ARE AS FDLLOW_ -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AAFFPfI)

AAFFY(I)

I=],3

RADISEC 0.0 PITCH AND YAW ANGtILAR ACCELERAIION

FILTER FREOUFNCIF S.

AFFP

AFFY
RAD/SEC 0.0 THE AUTOPILOT ACCELERATION FILTER

FREOUFNCIES IN PITCH AND YAW FOR

THE ASCFNT AUTOPILOT.

APRLIM

APPLIM

APYLIM

OEG 0.0 THE AUTDPILOT ROLL, PITCH AND YAW

ATTITUDE ERROR LIMITS FOR 1HE

ASCENT AUTOPI LOT.

ASFFP

ASFFY

R AD/S*'2 O o0 THE AUTOPILOT FILTER FREQUENCIES

IN PITCH AND YAW FOR THE SUM OF

THE ATTITUDE AND ACCELERATION
ERRORS FOR THE ASCENT AUTOPILOT.

AXRB

AYR B

AZRB

FT 0 o0

(M)

THE POSITION COMPf_NENTS OF THE

AU10PILOT ACCELERtIMETFR IN THE

VEHICLE BODY RFFERFNCE SYSTEM.
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6.F.I. ASCENT AUTOPILOT MODEL (CONTD|

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

DFFR

DFF P

DFFY

R AD/SEC 0.0 THE AUTOPILOT DISPLACEMENT FILTER

FREQUENCIES IN ROLL, PITCH AND

YAW FOR THE ASCENT AUTOPILOT.

DPHP

DPHY

DEG 0.0 THE POll MISALIGNMENTS ANGLE FOR THE

PITCH AN[' YAW ACCELEROMETERS.

DPSY DEC.- 0.0

DTHP DEG 0.0

THE YAW MISALICNMFNT ANGLE FOR THE

Y_W ACCFLEROMETFR .

THE PITFH MISALIGNMENT ANGLE FOR

PITCH ACC ELEROMETER.

LDR L F INTEGER 0 LOAD RELIEF OPTION CONTROL FLAG

= Ot DO NOT U-_F LOAD RELIEF OPTION.

= I, U_E LOAD RELIEF OPTION.

RFFR

RFFP

RFFY

RAD/SEC 0.0 THE AUTOPILOT RATE FILTER

FREQUENCIES IN RnLL, PITCH AND

YAW FOR THE ASCENT AUIOPILOT.

TAUINT N/D 0.0 THE INTEGRATION CONSTANT FOR THE

FORWARD ]NTEGRATIOI_ LOOP IN THE

ASCENT AUTOPI LOT.

TAULP SEC O.O

TAULY

PITCH AND YAW LOAD RELIEF

INTEGRATION TIME CONSTANTS.

THE TABLES FOR THIS MODEL ARE INPUI IN NAMELIST TAB

AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AYBCT DEG/S_2 0.0

AZBCT

CKAAPT SEC**2 0.O

CKAAYT

CKAPT SEC*=2 0.O

CKAYT

THE PITCH AND YAW PODY ACCELERATION

COMMAND TABLES FOR THE ASCENT

AUTOPILOT ACCELERATION ERROR

FEEDBACK lOOP.

PITCH AND YAW ANGULAR

ACCELERATION GAINS.

THE AUT{_PILfIT ACCELERATION GAIN

TABLES FOR PITCH AND YAW,

RESPECTIVELY, FC_ THE ASCENT

AUTOP IL OT.
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b°F.I. ASCENT AUIOPILOT MODEL ICONTDI

INPUT

SYMBOL UNITS

STORED

VALUE DEFINITION

CKASPT

CKA_YT
SEC_2 0.0 THE AUTOPILOT GAINS IN PITCH AND

YAW FCtR THE SUM C1F THE ATTITUDE AND
ACCELERATION ERRORS FOR THE ASCENT

AUTOP I L _T.

CKDRT

CKDPT

CKDYT

N/D 0.0 THE AUIgPILOT DISPLACEMENT GAIN

TABLES FOR ROLL, PITCH AND YAWt
RESPECTIVELY_ FOR THE ASCENT

AUTOPILOT.

CKLAPT

CKLAYT

RAD/FT/ O.O

SEC**2
PITCH AND YAW LOAF) RELIEF
ACCELEP ATION GAINS.

CKLVPT

CKLVYT

RAD/FT/ 0.0

SEC
PITCH ANn YAH L_AD RELIEF

VELOCITY GAINS.

CKRRT

CKRPT

CKRYT

SEC 0.0 THE AUTOPILOT PATF GAIN TABLES

FOR ROLLv PITCH AND YAWt
RESPECTIVELY, FOR THE ASCENT

AUTOPIL_T.

RBDCT

PBDCT

YPDCT

DEG/SEC 0.0 THE ROLL, PITCH AND YAW BODY RAlE

COMMAND TABLES FOP THE ASCENT

AUTOPILPT RATE ERROR FEEDBACK LOOP.

THE (IUTPUT VARIABLES FOR THIS MODULE ARE AS FOLLOWS -

OUTPUT

SYMBOL UNITS DEFINITION

ACCELP

ACCELY

ANGAP

ANGAY

AXBM

AYBM

AZBM

AYBC

AZPC

DEG

DEG

FPSS

(MPSS}

DEGIS**2

ACCELERATION CONTRIBUTION TO THF AUTOPILOT

PITCH AND YAW C_MMANDS.

ANGULAR ACCELERATION CONTRIBIrII("N TO THE

AUTOPILOT PITCH AND YAW COMMANDS.

THE ACCELERATION COMPONENTS ALONG THE

VEHICLE BODY SYSTEM MEASURED BY THE

ASCENT AUTOPILOT ACCELEPOMETER.

THE PITCh AND YAW BODY ACCELERATION

COMMANDS FOR THE ASCENT AUTgPIL£_T

ACCELERATION ERROR FEFDBACK LOOP.
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6.F.I° ASCENT AUTOPlLOT MODEL fCONTD)

OUT PU T

SYMBOL UNITS DEF INITION

CKAAP

CKAAY
SEC*_2 TABLE LOOK-UPS (_F TABLES CKAAPT AND CKAAYT.

CKLAP RAD/FT/

CKLAY SEC**2

CKLVP RAD/FT/

CKLVY SEC

DAXB FT

DAYB (M )

DAZB

DISP

DISR

DISY

DSPD

DSYD

DSPINT

DSYINT

PACCER

YACCER

PLDRL

YLDRL

RATP

RATR

RATY

RBDC

PBDC

YBDC

ROLAC

PITAC

YAWAC

RRATER

PRATER

YRATER

DEG

TABLE LOOK-UPS OF TABLES CKt.APT AND CKLAYT.

TABLE LOOK-UPS OF TABLES CKLVPT AND CKLVYT.

THE DELTA POSITION VECTOR FROM "/HE VEHICLE

CENTER C)F GRAVITY 10 THE A__CFNT AUTOPILDT

ACC Et.ERCMETER.

DISPLACEMENT CONTPIPUTION TF_ THE AUTOPILOT

PITCH, ROLL AND YAW CC_MMANDS.

N/D THE RATES FOR THE FORWAR[J LC_P INTEGRATOR

IN PITCH AND YAW FOR THE ASCENT AUTOPILOT.

N/D THE INIEGPALS CF T_E FORWARD LOOP INTEGRATOR

IN PITCH AND YAW FOR THE ASCENT AUTOPIL01.

FT/SEC**2 THE PITCH AND YAW ACCELEQATION ERRORS FOR

|M-S2} THE ASCENT AUTOPILOT.

DEC LOAD RELIEF CONTRIEUTIONS TO THF AUTOPILOT

PITCH AND YAW COMMANDF.

DEG RATE CONIRIBUTIONS TO IHF At!TDPIL_T PITCH,
ROLL AND YAW C(_MMA_'DS.

DEG/SEC

DEG

THE ROLL, PITCH A_D YAW PODY RATE COMMANDS

FOR THE ASCENT AUT_PILOT RATE ERROR

FEEDPACK LOOP.

ROLL, PITCH, AND YAW AUTO, PILOT COMMANDS.

DEG/SEC THE ROLL, PITCH AND YAW RATF ERRORS FOR

THE ASCENT AUTC'PILL_T.
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6.F .2. REENTRY AUTOPIL01 M_DFL

THE REENTRY AUTOPILOT IS USED IF NAUTOP=2t IS INPUT IN

NAMELIST GE NDAT.

THE REE_!TRY AUIOPILOT MODEL IN THF PROGRAM IS T_E SHUTTLE

SYSTEM X REENTRY AUTOPILOT. THIS AUTOPILOT UTILIZES bOTH

AERODYNAMIC C(_NTPOL SURFACES (AILERON, ELEVATOR AND RUDDER) AND

REACTION CONTRCL SYSTEM (RCS) JETS FOR ATTITUDE CONIRCL.

THE BLENDING PF THESE TWO TYPES OF CONTROL ELEMENTS IS A

FUNCTION OF THE FLIGHT REGIME.

THIS MODEL WAS OBTAINED FROM THE FOLLOWING DOCUMENT WITH

LATER MODIFICATIONS INCLUDED -

DIGITAL FLIGHT CONTROL SOFTWARE DF_IG_ REQUIREMENTS

GUIDANCE AND CONTROL -_YSTEM. _ PRANCH

JOHNSON SPACE CENTER

NASA SPACE SHUTTLE PROGRAM W['RKING PAPER

JULY 6t ]073

THE REENTRY AUTOPILCT CAN ONLY BE USED WITH THE SHUTTLE

REENTRY GUIDANCE MODEL.

THE CONSTANT VALUED INPUT VARIA_LF_ FOR THIS MO£ULE ARE

INPUT IN NAMELIST GENDAT AND ARE AS FL'LLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AREFL FI*_3 0.0

EREFL (M**3)

RRFFL

DADMAX

DEDMAX

DRDMAX

DAMAX

DEMAX

DRMAX

DAMIN

DFMIN

DRMIN

D E('_/._EC

DEG

DFG

1.0 E20

I .OE20

-1. OE20

DELECI DEG 0.0

FREFL(I) FT*_3 0.0

I=lt3 (M'_*3)

THE PRODUCT._ OF THE AILERONt ELEVA_IC_R

AND RUDDER AREAS AND REFERENCE

LENGTHS USED TO COMPUTE THE HINGF

MDMENX S.

THE MAXIMUM ALL_.WAE.LE AILERONt

ELEVATOR AND RUDDF_ RATES.

THE MAXIMUM ALL_WAELE AILERCN_

ELEVATOR AND RLtDDFP DEFLECTION

ANGLES.

THE MINIMUM ALLOWA_LF AILERPNt

ELEVATD_ AND RUDDER DEFLECTION

ANGLES.

THE INITIAL VALUE OF DFLEC.

THE PRODUCT OF THE AREA AND REFERENCE

LENGTH FOR FLAP I USFD TO COMPUTE

THE HINGE MOMEI_'T FOR FLAP I.
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6.F.2.

INPUT

SYMBOL UNITS

STO R ED

VAL UE DE FINITION

HMAMX FT-LBS

HMEMX (N-M)

HMRMX

THRSJ LBS O.O

IN)

I.OE20

TISPJ SEC ].DE20

WPCONJ LBS O.O

(N|

THE MAXIMUM ALLOWABLE AILERONt

ELEVATOP AND RUDDER HINGE

MOMENTS.

THE THRUST OF EACH RC_ JET. USED

TO COMPUTE WDf_TJ.

THE SPECIFIC IMPUL.CE CF THE RCS

JETS.

THE WEIGHT OF PRPPELLANT CCNSUMED

BY THE RCS JETS.

IME TABLE._ FCIR THIS MCDEL ARE INPUT IN N_MELI._T TAB

AND ARE AS FOLLOWS -

INPUT STORED

SYMBOL UNITS VALUE DEFINITI[_N

CHAT

CHET

CHRT

CHFIT

I:l,3

CKAT

CKFT

CKRT

DELFIT

I:lt3

FXBPJT
FYBPJT

FZPPJT

PNPJIT

PPP3I T

PRJIT

PYJIT

N/D 0.0

N/D O .0

NID 0.0

DEG 0.0

LBS O .O

(N)

N/D 0,0

N/D 0.0

THE AILFPON, ELEVATOR AND RUDDER

HINGE MOMENT COEFFICIFNT TABLES.

THE HINGE MOMENT CPEFFICIENT

TAELE FOP FLAP I.

THE AILFPON_ F_LFVATOP A_D RUDDER

GAIN TAPLES FOR THE REENTRY

AUTOPILOT.

THE DEFLFCTION ANGLE T_['LE FOR

FLAP I.

THE FORCE PER JET ALONG THE

VEHICLE P{_LLt PITCH AND YAW

BODY AXES.

THE PITCH MOMENT INTERFERENCE

COEFFICIENTS DUE TO THE NECATIVE

AND POSITIVE PITCH JETSv

RESPECTIVELY.

THE PITCH MOMENT INTERFERENCE

COEFFICIENTS DUE TO THF ROLL

AND YAW JETS_ RESPECTIVELY.
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6.F.2. REENTRY AUTOPILDI MODEL (CONTD]

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

RMPJT FT-L_S

PMPJT (N-M)

YMPJT

0°0 THE ROLL_ PITCH A_D YAW MOMENT

PER JET IABLES FOR THE _EENTRY

AUTCPILOT.

RRJIT N/_ 0.0

RYJIT
THF ROLL MOME_'T I_'TEFERFNCE

COEFFICIENTS DUE l_ lhE ROLL

AND YAW JETS, RE_r-ECTIVELY.

YRJII N/D 0°0

YYJIT

THE YAW MOMFNT ]NIERFFPENCE

COEFFICIFNTS DUE TC IFE ROLL

AND YAW 3FT_t RESPECTIVELY.

THE PUIPUT VARIABLES FOR THIS MODULE ARE AS FOLLOWS -

UNITS DEFINITION

ALPERR

CHA

CHE-

CUR

CKA

CKE

CKP

DADMX

DEDMX

DRDMX

DELAC

DELEC

DELRC

DELADC

DELEDC

DELRDC

DELFT

I=113

DEG

NID

N/D

DFG/SEC

DEG

DEG/SEC

DFG

THE ANGLE OF ATTACK ERROR (C_MMANDED - ACTUAL).

IHE AILERONt ELEVATnR AND PUDDEP HINGE

MOMENT CCEFF ICIENT_.

THE AILERCNt ELEVAICR AND R_tDDE_ GAINS FOR

THE REENTRY AUTDPILCT.

THE COMPUTED AILFRCNt ELFVAICR _ND RUDDER

MAXIMUM RATES BASED ON HINGE MOMENTS.

THE COMMANDED AILERON_ ELEVATOR AND RUDDER

DEFLECTION ANGLES FROM IHE REENIRY AUTOPILDT.

THE COMMANDED AILFPDNt ELFVt, IOR AND RUDDER

DEFLECTION ANGLF RATES FROM THF REENTRY

AUTOPILOT.

THE DEFLECTION A_'(-LE OF FLAP I. [_STAINED

AS THE TABLE LOCK-tIP OF DELFI1.
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b.F .2. REENTRY AUTOPTLOT MODEL {CONTD)

OUTPUT

SYMBOL UNITS DEF INITION

HMA

HME

HMR

HMFI

I=lt3

PCSFXB

RCSFYB

RCSFZB

RC S MX B

RCSMYB

RCSMZP

ROLBER

PITBFR

YAWBER

ROLN

PITN

YAWN

ROLP

PITH

YAWP

ROLRER

TONT

TROLN

TP ITN

TYAWN

TROLP

1PITP

TYAWP

WDOTJ

FT--LBS

(N-M)

FT-LBS

(N-M}

LBS

(N)

FI-LBS

(N-M)

DEG

DECIMAL

DECIMAL

DEG

SEC

SEC

SEC

LBS/SFC

IN/SEC|

THE CALCULATED AILERON, ELEVATOR AND

RUDDER HINGE MOMENTS.

THE CALCULATED HINGE MOMFNT FOR FLAP I.

THE FORCES ALONG THE VEHICLE ROLL, PITCH

AND YAW BODY AXES DUE TO THE REACTION

CONTROL SYSTEM (RCS) JE'TS.

THE MOMENTS ABOUT THE VEHICLE ROLl, PITCH

AND YAW BODY AXES DUE TO THE REACTION

CONTROL SYSTEM (RCS) JETS.

1HE ATTITUDE ERRORS ABOUT THE VFhlCLE ROLL,

PITCH AND YAW BODY AXFS.

THE NUMBER OF NEGATIVE RnLL_ PITCH AND YAW

JETS ON IN THE REENTRY AUTOPILOI.

THE NUMBER OF POSITIVF ROLL, PITCH AND YAW

JETS ON IN THE REFNTRY AUTOPILOT.

THE RELATIVE ROLL ANGLE ERROR (COMMANDED -

ACTUAL ).

THE TOTAL ON TIME OF ALL JETS IN THE

REENTRY AUTOPILOT.

THE TOTAL ON TIME OF THE NEGATIVE RDLL_

PITCH AND YAW JETS IN THr R FFNTRY

AUTOPILDT.

THE TOTAL ON TIME PF THE POSITIVE ROLL,

PITCH AND YAW JET5 IN THE REENTRY

AUTOPIL01.

THE PROPELLANT FLCWRATE OF lhE RCS JETS.
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7. ERROR MESSAGES A_!D TROUP, LE-SHOPTING

THE PROGRAM PRINTS OUT ERROR MESSAGES WHENEVER A SITUATION

ARISES WHICH PREVENIS THE PROGRAM FROM CONTINUING (FATAL ERROR)

OR WHENEVER A SITUATION ARISES WHICH Tt_F USER SF,OULD BE AWARE OF

(NON-FATAL ERROR) Bt'T WHICH WILL NOT IN ITSELF CAUSE THE PROGRAM

lO TERMINATF.

THERE ARE CIRCUMSTANCES WHICH CAP! ARISE DIIE "[0 INPUT ERRORS

WHICH WILL PRODUCE CONDITIONS THAT CANNOT EASILY BE DIAGNOSED

INTERNALLY BY THE PROGRAM. THESE CASES WILL INVARIABLY CAUSF THE

PROGRAM IO TERMINATE WIIH A CORE DUMP. DIAGNOSIS IN THESE CASES

CAN USUALLY e,E MADF BY CHECKING IHE INPUT AND 1HE TRAJECTORY

PRINTOUT UP TO THE TIME OF IHE DUMP. IN CERTAIN CASF._t THE CORE

DUMP MUST BE EXAMINED TO DETERMINE THF PRt?GRAM LOGIC THAT CAUSED

THE DUMP. FOR EXAMPLEt AN INPUT ERROR IN A THRUST IAPLE COULD

PRODUCE INFINITE THRUST. IHE PROGRAM WOULD THEN DUMP AS SOON A_

IT AITEMPIED I0 USE 1HA1 VALUE. THESE 1YPES OF INPUT ERRORS

CANNOT GENERALLY BE ACCOMODATED BY AN ERROR ME._SAGE. AS A RESULTt

['NLY THE MOST P_OBABLE INPUT ERRPPS nAVE P.EE_I I_'CLUDED IN THE LIST

OF ERROR MESSAGES.

ERRPR MESSAGES ARE USUALLY CAUSED _Y INPUT ERRORS OR BY INVALId,

PROBLEM DEFINITION. AS A RESULT_ IHE FIR._T CO'_._E PF ACTION TO _E

TAKE_ WHEN AN ERROR MESSAGE (C;R DUMPI I__ PBIAINrD I5 TO REVIEW ALL

INPUT DATA AND THE PROBLEM FORMULATION.

THE SELFCTION AND PLACEMENT OF CONTROL PARAMETERS IS VERY

IMPORTANT TO THE SUCCESSFUL OPERATION OF THE SEARCHICPTIMIZATION

ALGORIIHMS. CASES WHICH SHOW POOR CONVERGENCE SHOULD FE

EXAMINED TO FNSURE IHAT THE SELECTION _.F CONTR(_L P_AMETERS AND

PROBLEM SETUP CAN PRODUCE A SOLUTION. POOR CONVERGENCE IS

SOMETIMES CAUSED _Y UNEOUAL WEIGHTING PF THE TARGET VARIAfiLES.

THAT IS_ THF DESIRED TOLERANCES FOR TPF TARGET VARI'AFLFS ARE NOT

_F THE SAME PERCENTAGE. THIS CAUSES THE ALGF_RITHM TO TRY TO

SATISFY 1HE TARGET VARIA_.LE WHICH HAS 1HE LARGE._T WFIGtiTED ERROR

EVEN THOUCH IHE ACTUAL ERROR MAY BE 5MALL. CPRTROL PARAMETER

WFIGHTING I._= ALSO IMPORTANT. THE AUTCiMATIC WEICoHTI_,G PROCESS

GENERALLY PROVIDES IHE BEST WEIGHTING FOR MOST P_OBLEMS. HOWEVER.

PROBLEMS WHICH ENCOMPASS DIFFERENT FLIGHT REGIMFS I_' THE SAME

RUN U_UALLY MUST _E WEIGHTED MANUALLY On _Y SPMF SPECIFIC WEIGHT-

]NG MFIHPD IN ORDER TO PRODUCE A SOLUIIO_.

THF TRCUPLE SHCO, TING LIST SHOULD _F P.EVIEWED IF AN ERROR

MFSSAGE OR UNEXPECTED RESULTS WERE (]BT_,INFD FROH THE TQAJECIORY

SIMULATION.
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7. ERROR MESSAGES AND TROUBLE-SHOOTING (CONTD)

TROUBLE SHOOTING

1!

2)

3!

41

5!

b)

7)

8)

CHECK Tt_E SEQUENCE OF NAMFLTSTS TO SEE THAT THEY ARF IN

THE PROPER ORDER.

CHECK TO SEE THAT EACH NAMELIST IS TERMINATED PY A $ IN

COLUMNS 2 THPOUGH 80.

CHFCK TO SEE THAT EACH PHASE IS TERMINATED BY ENDPHS = It

IN NAMELISTS GENDAT_ TBLMLT, OR TAB AS THE CASE MAY BE.

CHECK TO SEE THAT THE PHASE (EVENT) NUMPERS ARE ASSIGNED

IN ASCENDING ORDER.

CHECK TO SEF THAT THE LAST PHASE CONTAINS ENDPRE=I, AND

ENDJOB=I.

CHECK T_ SEE THAT THE FINAL EVENT SEQUENCE NUMBER (FESN}

IS LESS TH#N OR EQUAL TO THE LAST PFIASF OF THE PROBLEM.

CHECK TO SEE THAT THE EVENT CRITERIA FOR EACH PRIMARY

EVENT CAN EE ATTAINED IN THE PRESCRIBFD ORDER OF

OCCURRANCE.

IF SERCH ERRORS HAVE OCCURRED, CHECK ALL H('LLERITH INPUT

VARIABLES TO BE SURE THAT THE NAMES ARE VALID.

ERROR MESSAGES

MESSAGE SOURCE/TYPE C_NDITION/CORRE CLIVE ACTION

DATA BUFFER READAI/F ATAL IHF CONSTANT VALUED ]NPU1 DATA

EXCEEDS 2500 CELLS OR THE TABLE

DATA EXCEEDS 24000 CELLS. REDUCE

THE AMOUNT OF INPUT DATA OR CHECK

THE TABLE INPUTS FOR THE CORRECT

FORMAT.
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EPRgR MESSAGES AND TPOUF, LE-.'cHOOTINC (C['NTD}
......... ',--" ..........

MESSAGE SOURCE/TYPE C ONF),ITI_N/C C RRE C T ] V E ACTION

DIMENSION

TABLE NAME

-D INPT-E SN= I

k'OT FOUND

TARGETING

UPHILL

END FILE TAPE

] -DINPT - ESN

= I

EOF ENCOUNT-

ERED EY INPUlrN

EOF R EADAT

FATAL SE_CH

FRRCRS

GIMAG=OtCK

INPUT S

PFADAT/F ATAL

DINPT/FATAL

TRYIT2/FATAL

DINPT/FATAL

SYSTEM/F ATAL

READAT/F ATAL

_ AD ATIF ATAL

GMAG/FATAL

IHF INDICAIED TAPLE IS INPUT

INCCPRFCTLY. CHFCK TAbLF INPUT.

DATk FOR EVENT ] CCJES NOT EXIST.

MACHINF EPROP_ REPUN THE JOB.

TP, F 1A_C-ET EP¢OP. ( CANNUI BE

RFDL'CEO ANY FtflRTF'FR WITH THE

GIVEN SET CF CONTPOLSo CHECK T_E

PROBLEM FORMULATION OR THE SIZE

OF lt_E PEPTLf_PATIC_NS (PERT).

E_!D CF FILE WAS FNCCUNTERED

TEYIK'G TO RFAD DATA FOR EVENT I.

MACHINE EQRP_t REQUN IHE JOP.

THE _cYSTFM ENCC_UNTERED AN END OF

FILE WHILE RFADI_'G INPUT. CHECK

10 CEE THAI ALL NAMFLISTS ARE

INFUI AND ARF IFPMI_ATED BY A $

AND THAT EACF! PHASE IS TERMINATED

BY ENDPHS=].

AN FND OF FILE WAS ENCOUNTERED

TRYINC TC RFAD PFEVIOUSLY

PRCCFS_FD INPUT DATA. MACHINE

EPRC_P_ RERU_ THE JCP,.

THE _OLLE_ITH INPUT NAMES SHfIWN

ARE INCORRFCI. CHECK ALL

VAPIABLE_ CUNTAINING HOLLERITF,

INPI!T5 TC SFF THA1 THE NAMES ARE

VALID AND SPFLLED CORRECTLY.

THE GRADIENT DF THE OPTIMIZATIEN

VArIAbLE (OPIVAR) WIlt_ RESPECI

TO THE CONTRC'L_ I._ ZERC. AT

LF_T ONE CONTROL PARAMETER MU_T

PE USED WHICH WILL AFFECT THE

VARIABLE SPECIFIED EY CPIVAR.



_'ESSAGE _C:UP('E/TYPE CCND ITI['N/CPrDECI IV[ ACT]CM

C2MAF =O I, CK

I,_PUT_("

CMAC/FATAL

fC[cAP = 0

SEt _!PC IA)

C-E_TA. _ , I

XS=ARGUMENT

VALUF

X=T_ E_LE VALUE

M[_T I _L/F ATAL

TA_/NPN-F ATAL

ILLEGAL C IvT rL

CRIT_

R F ADA7/F ATAL

INVER S IO_ OF

A 5 INC,ULAR

_'ATQ I X NAF

ATTFMPTrD

x,_. ITFR AT IC'<

L]"I_

INVM/F AT AL

ITFPC/FAIAL

_ASS .LF.O MOl IAL/F AIAL

MISSING CNTRL

CRITP

RE A D AT IF ATAL

MISSING TARGT PFADAT/FATAL

CRITR

RCF _!r'AT/FAIA L

R._E APC_/FAIAL

RTA9/FATAL

RTF LMLIIFAIAL

_r_E C_ADIFN" CF lFF IA_GF1

VARIAPLFS (F_Er:V_) WITh RESPE(I

T(" _t.[- F,'?._T_C'LS I_ ZERP. CF_ECF

T_F I_!PUTS F[ _ I_,_,_PEL IS] SEARCH.

SFLF-_ XPLAN_IFPv.

I_E IAELE APCL_E_:T (X_) OF TAELF

I EXCEFDS TE:F TAPLE VALUE (X).

EXT_APPLATInh_ IS L.SED TP D5TAIN

lilt IAELE VALUE C(RI_FSPONDINC

ThE FIRST PHASE t_ _ PHASE THAT

Dcr._ NCT F) I FI WA,_ SPECIFIED AS

A CONTROL PACA_'ETFR. CHECK THE

It',PUTS ]_,'rVP AN r. ]NCP_ IN

NA_ F L] ":'T ¢E_t CH,,

O_'F PF TF_P I"_GFI V_RIAFLES

(_,FPVR) IS N_! AFFECIED F Y ANY

PF THE f_K_Tr:'.'L P_,RAHETER_. CFiECK

lHF ]_PUI. ( F:_ NA_FLI._I .'CEAPCF.,

IHE ,(PcC]FI_ _ ]-!:t,_]C_ LIMIT

NAS _,ERCHF[o C_TCK HAXIIR I._

THE: VFhICLE M kFS IS LESS THAN

[_R rOtrAL ?C Z_P,[_. C_ECK TP ,(:FE

TI-AT W_TFF- I ¢ ]_:rI_T C[IRRFCTLY.

A CRITERIA FIR A PHASE TF:AT D_E_

NPT FXI,_I W_5 eFCL'FST._D AS A

C_'_':TPCL .

A CFITFRI_, rCk A PF,ASE THAI DOE, _

NCI EXIST W A': RF(L'ESTED AS A

TAPC-ET.

A _'AMELISI [_PC p HAS CCUPPED.

CH_CK ]NPLIT DRTA.



_o ERROR MESSAGES AND TROU_LE-SHO9TING (Ct_NTD)

MESSAGE

***NO CHANGE

]N _TATE DUR-

INF LAST TWO

ITERATION_

NO EVENT NO.

NC PHASE =

OPTPH

PAP ITY ERR

TAPE I -DINPT-

ESN=I

PCTGn .LT.

50 PERCENI

***PROBLEM

SOLVED

SERCH I

SETIC, PHASE

I DOES NOT

EXIST

SETIC PARITY

SOURCE/TYPE

IIERCIFATAL

RE ADAT/FATAL

TRAJ/FAT AL

DINPllFATAL

TGOEM/NON-FATAL

IIERO/NO1 AN ERRO_

SER CH/FA TAL

SETIC/FATAL

SETIC/FATAL

CO_C_ITION/CCRPECTIVF ACT ION

THE CONTROL PARA_[1ERS COULD NOT

IMP_OVF THE IARC, FI ERR[_RS DE IHE

OPTIMIZATIO'_ VARIABLE DURING THE

LACT TWP ITrP, ATICNS.

A PHASE WA,_ INPUT WITH NO EVENT

NUn.PER (EVENT) PP IT IS ZER{_.

]NPLIT IHE FVE_'I _'UHBER AS

EVENT( ] ).

ThE PHASE SPE_CIFIED IN OPIPH

DI[, _;OT OCCUR _R _['ES NOT

EXI,_T.

A PFAD PARITY ERROR OCURRED

TRYING TO READ DAIA FCR EVENT I.

MACHINE ER_O_t _FRUN THE JOE.

THE TIME TC G[" WAS REDUCED

EY MORE THAN _C PERCENT TRYING

TO HIT THE ,_FPCI_IEE, EVENT.

THE PROFLFM H_S PFEN TARGETED

AND CPIIMIZFD I_ THE SPECIFIED

TOLEF'ANC E._.

It.-!: r HOLLEPIT)_ I_FUT VARIABLE I

IS N{_T VALID CR 1"v IS

MISSPELLED. IHIS IS A NON-

FATAL ERROR IF THE MIS__PELLED

VAPIAeLE IS A POINT VARIAEL_.

CHECK THE HE LLERIIH NAME IN

CUESIICN.

PHASE NUMPEQ I WAS REQUESTED A_

A C_NTROL PA RAMF_ TF R PHASE BUT

DOES NP1 EXIET. CHECK THE

PHA,_,E t_JMEER_ INPUI IN ]_'DPF,.

A PARITY ERRPP CCCURRED TRYIN("

TO _FA_ THE INIIIAL CONDIIIONS

FOR A PHA_E DURING SEARCH/

DPIIMIZATIO, N. MACHINE ERROR

RFRUN "/HE JC_.
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7,, ERROR MESSAGES AND TROUFLE-SHO_TINC (CONTD)

MESSAGE SnU RCE/TYPE: CnNDIT ION ICf)RREC TIVE ACTION

TGOM I

TIME LIMIT

INSUFFICIENT

FOR ANOTHER

ITFRATION

NO CONVERG-

ENCE IN TIME

TO GO. RUN

TERMINATED

TOO MANY

CRASHES

TRAJECTORY

TERMINATED BY

ALTMAX = XXX

TRAJECTORY

TERMINATED BY

ALTMIN = XXX

TRAJECTORY

TERMINATED BY

MASS .LE. 0

TRAJECTORY

TERMINATED [:zy

MAXTIM = XXX

UNUS A BLE

NOM IN A L

TGOEMIIF ATAL

]TERO/FATAL

CYCXM21F ATAL

FGAMA/FA TAL

PHZXM/FATAL

PHZXM/FATAL

PHZXM/FATAL

PHZ XMIF ATAL

NOMI NLIF ATAL

NO EVENT CRITERIA HAVE BEEN

INPUT. CHECK THE VALUE OF

CRITR.

SELF EXPLANAT{_RY. CHECK CP

TIME ESTIMATF.

THE CONDITIONS FOP THE SPECIFIED

EVENT COULD NOT PE MET. CHECK

EVENT CRITERIA INPUTS.

SIX SUCCE-_SIVE TPAJECTERIES

CRASHED IN TRYING TO GENERATE

A SUCCESSFUL TRIAL STEP.

CHECK PROBLEM SETUP.

SE LF-EXPLANA T_RY. CHFCK THE

PROBLEM SETUP OR REDUCE THE

INTt:GRATI nN STEPSIZE.

SFLF-EXPL ANAICRY . CHECK THE

PR_PLEM SETUP OR REDUCE THE

INIEGRAT ION STEPSIZE.

SELF-E XPLANA TORY . CHECK THE

PRHPLEM SETUP.

SE L F-EXPL ANA TORY. CHECK THE

PRrlPLEM SETUP HR THE EVENT

CRITERIA AND MODEL TO SEE THAT

TI-iF DESIRED CC_DIIIC, NS CAN EE

ATTAINED.

THE NOMINAL TRAJECTORY DURING

SEARCHIDPTIMIZATIUN DID NOT

REACH THE FINAL EVENT (FESN).

CHECK THE PRI_LEM SETUP.



I:' A_ E E.O.O.I

P. SAMPLE Pe'[!l-, L EM

THIS S,FCI|CR PI_:I_:SENIS A ."AMI::'L_- ]t,!PUl LIS1]_( "- AI_'[', AS_CIA1[[,

CUIPII1 OF A POPl](?I_I E'F A F.'EE_'IPY "rI:AJEC'tC_Y r--pR A _(I=L:ITL_ r[RE, T'TER

VFHICLE HHICH PF(_I_ AT 1500 fEC A_'D r'_DS AT 15!O S._C.

THE SAMPLE TPAJFCTDRY RECU]RED LI:SS Tk:A_ ]OPCCC EiCTAL CELLS

CF COI_PUI"F_ P,EHOPY AhD APPF'P_XII_ATELV 1/2 FI_'U'I{ Ol: (ENTRAL VRr_CE._Sf _;

iCP) "TI_E C_ _ THF MARLIN MARIEIIA CC,c'pCPAllf_ ,' C["r 6_00 C.OMPU'IE_.
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8.A. SAMPLE PPO, eLEM INPUT

THIS SECTION PRESENTS A LISTING OF THE INPUT DATA DECK

USED TO C-ENERATE THE TRAJECTORY PRINIOUT IN THE NEXT SECTION.

P$SEARCH

$

PSGENDAT

TITLE(1) = 50H6D POST

EVENT = I. •

FESN = IO. •

MAXTIM = 2000.v

DT = .0625 ,

DTG = .0625

TIME = 1500.,

TIMRF(I | = 1500. ,

DTIMRII ) = I.,

DTIMR(2) = I.,

NPCI3) = _,

NPC(_) = 2,

ALTI TO = 15248 8.80)

GCLAT = 39.500PB2,

LONG = -]21.21400)

VFLR = 8734.5313t

GAMMAR = -.E2896275 •

AZVELR = 153.94]94,

AZL = 153.94194,

REENTRY CHECK CASE

C ATMOSPHERE

NPC (5) = 2,

NPC(8| = 2,

SPEF = 2690.,

DREFR = 78.05666667 t

DREFP = 39.5666667,

DRFFY = 78.05666bbT)

LREF = 110.7)
WGTSG = 18298&.)

C PROPULSION

NPC (9) = O)

C RANGE CALCULA]I ON

NPC( 12| = 1,

LATREF = 34.555"/761 7)

LDNR EF = -120. 5338t

AZREF = 1St"- )

C GRAVITY

NPC( l&| "-- 1 t
MU = 1.407662686EI6,

OMEGA = 7.292 11515E-5,

RE = 20902910.t

C AUTOP I LOT

NAUT CP = 2t



PAC_ _.A.C.?

C GUIDANCE

C INITIALIZE OUAIEP NIONS

]CUTD(|2) = 3,

YAWP = 178.8P. 212,

PIT_ = 17.3705q?,

pOLbD : C.,

PlJF D = C • ,

YAW_ D = 0 . ,

C USE £LCSED LC'[P P EFNTRY

]GUIDI]_) : 2,

LAT ] TUDE

IGUIC,(]7) -- 2,

C TLATCD = TA_GFT GEnCENTRIC

TLAICD : 3_.f_,5-r?61 ?,

C TLC'NCD : IAPfFI I_C:NCIIUDE

TL_GD = -1 2C. r.23P,

]TR ANS = ] ,

C CO_'TR ['L_

KDDA : ]., KP___

KPDA = 0., KPLE

KYDA = 0., KYDE

DAMAX = 15.,

DAMIN = -15.,

DEMAX = ]5.,

DFMIN = -4C.,

DRMAX = 22.E,

DRMIN = -22.8,

DELFCI = -b.,

DELF = -5. ,

EpEFL = ] _Cz.,7. ,
( Pl_ I N'TOUT

PINC = 1 o0,
P_NT(]]_) =

6HI IMP F 1 ,_

bHDEL AZ ,6

6HSLFCT ,6H

6PAL PCC ,6

61_TRC L N ,b

6H'I' C'_1 ,6

6PDFL AC ,6

6HDELA ,6

6HCKA ,6

6HCLA ,6

6PCYDR ,6

= C., _,RDD = 0.,

= ]., KP_P = 0.,

= 0., KYDP = 1.,

HT!MRF296PF-,lIt_F _6HAT]MF ,_PC_FLT ,6hw_

PLCD] ,oHP DT_ F _ ,6HP K ?_,C I ,6HIP ANCE ,bHDR AGG£,

GA-_M ,6hGLPD , _FC_P O Ol ,¢HDPAGR P,6HALDR E F,

IgALPEFR,bHF'CLRCC,6hROLRE _-,6_ALpERIt6tlDELFCI ,

HIRPLP ,6PTP]l_ ,6t-TPTTP ,6F_IYAWN ,OF._YAWP ,

I_WDOTJ ,h_WPCC_J,bHR C CMX F ,b_[ SMVB ,6HRCSMZE _

HDELE( ,_P[,[[c'(" ,6HDFLAD ,6HDI:LED ,61wDELRD ,

rtPEtE ,_pC, r_LR ,/_,P'[;[LF] ,b_[.[-LI'-2 ,GHIJDCTR •
PCK_F ,6bC KI," ,6HHM ,A _,bHPPE ,bHHM_ ,

HCDA ,6k'C=_ ,6HCVF ,6 t_Ck'_ ,6PtCLLF ,

PCLLDP ,6_CWPF ,6PCLDE ,6F:CDD E ,6HCMDE ,
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_oAo SAMPLE PROBLEM INPUT ICONTD|

$

P$T_LMLT

CYBNM

CWENM

CLLBNM

CYDRNM

CLLDPN

CWDRNM

CLDENM

CDDENM

CMDENM

CYDANM

CLLDAN

CWDAMM

CLF]N

CDF]N

CMF|N

CYF]N

CWFIN

CLLF]N

CLF2N

CDF2N

CMF2N

$

P$TAP

TABLE

$
PSTA_

TABLE

$

P_TAP

TABLE

$

P$TAF

TABLE

$

PSTAP

TABLE
$

PSTA_

TA_LF
$

P$TAP

TABLE
$

,,,,-

6HCYDA t6HCLLDA t 6HCWDA t6HC.L F1. t6HCDF | t 6FICMF 11
6HCYF| •6HCWF1 t6HCLLFI t6HCHE t6HCMg t6HCWR

bHCLLR t6 HCWP t6HCLLP t6HCLF? •6HCDF2 t6MCMF2

6HPETA
6HBETA

6HBETA

6HDELR

bHDELR

6MDELR

6HDELE
6HDELE

6HDELE

6HDELA

6HDELA

6HDELA

6HONE

6HONE

6HCNE

6HBETA

6HBETA

6HEETA

6HONE

bHONE

6HONE

6HCLT

bHCDT

6HCMAT

6HCYBT

6HCWBT

6HCLLBT

6MCYDRT

t

9

t

t

9

t

9

9

9

9

9

tOt.b72662268t

•0,.456788181•

,0 ,-.03042277h,7,

• 0 t--.OO54t

,0 ,-.0018_•

,0•-.00162t

• 0 • .0004 t
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P.A. SAMPL_ PROhL_ TNPL'I (CONTD|

PSTAB

TABLF

$

P$TAP

TAPLE

$

TAFLF

$

P$TAP

TAPLE

P$1A_

TABLF

$

PSTAB

1APL_

$

P$IAB

TABLF
$

P$TAP

_ABLF

PILAF

TABLE

$

P_IAP

TARLE

$

P$IAP

TABLE

$

P$1AP

TABLE
$

P$TA_

TABLF

$

P_TAF

TAPLF

$

PSTAF

TABLF

$

P_IA_

7_hLF

$

= 6HCLLDRT _0 ,.OOC,] 5,

= 6F.CWDRI ,C,-.OOC28,

= 6HCLDFT ,0,2.36627_F-3,

= 6HCDDFT ,C ,] .5_(;_-3F-},

= _F,CYDAI ,9,,,I.__2_?o_.F--L,

6HCL L E,AT,O , ] .G7_3_ [ -2,

= 6HCWDAI ,Ot-2.'OE_F-_,

= ('I'-CLF]I ,C,O.,

= bFiCDFIT ,O,C.,

= 61"CP'FIT ,0 ,0.,

= bHCYF]I ,0,0.,

= OHCWF]T _O,C_._,

6FCL L F ]-r,o _O.,

= 6FCM(_T ,0,-2.6,

= 6HCHEI ,O,.O_.e,,



PACE

SAMPLE PROPLEM INPUT (CONTD|

P.A.O.5

P$TAB

TABLE "- 6HCWRT _0 t-.O5t

$

P$TAP

TABLE : OF,CLLRT _Ot.OSt

$

PSTAB

TABLE = 6HCWPT tO t-.022t

$

P$_A[ _

TABLE = 6,_CLLPI ,Ot-,,251t

$

PSTAB

TABLE = 6HCLF2T tOv-I-O|95E-2t

$

PSTAP

TABLt_ = bHCDF21 tO t-6.312E-31

$

P$'[ AB

TABLF ---6HCMF2T tO tI-b234E-2,

$

PSTAB
C DELFt = _PEEP PRAKE DEFLECTION

TABLE = 6HDELF IT tl t6HMAC_ ,5,1,1,1,

0.,_5., z..,55., 5.,B5., B.,55., lO.t55.t

$

PSTAP

C DELF2 = EODY FLAP DEFLECTION

C BODY FLAP DEFLECIIE_N FL_R FWD

TAPLE = 6HDELF21,O,-11.7,

$

P$TAB

TAPLF = 6HRMPJT _otgo52.t

$

PSTA@

TABLE = 6,HPMPJT _Ot33622-v

$

P$TAE

TABLE = 6HYMPJT vO,34072.t

$

PSTAB

TAFLE = 6HPNP J IT,1 ,6HOYNP ,6,1,1,1,

C_ C.PNDITION

$

PSTA_

TABLE = 6HPYJIT ,I,bHDYNP ,b,1,I,1,

0.,0-, 5.,.1, 10.,.16, 15.,.IP, 20.,.19,

200.,.&B,

200.,.19_



PAGE 8.A.O. (',

[".A. SAMPLE PROBLEM INPUT |CONID}

P$TAB

TAPLF

$

P$TA_

TABLE

$
P$T At_

TABLE

$

P$TAP

TAFLE

P$TA_

TAPLE

$

PSTA_

TAFLF

$

P$TAB

TAPLF

$

PSTAB

TABLE

$
PST_B

TABLE

$

PSTAP

TABLE

$

PSTAB

TABLE
$

P$]AE

TABLE

$

PtTAB

TABLE

$

PSTA_

TA_LF

= bHPRJIT ,1._bHDYNP tb,],l,],

0.,.14t 5.,-23t ]0.,.26, 15.,.27, 2C. to28_ 200._o28,

= 6HRRJIT ,ltbHDYNP ,6)|,1,1t

O.,.'7-f, 5.,.59, ]g.,.50, 15.,._5, 20.t-z_2_ 200.,.42,

= bHRYJI'f ,],bhDYNP ,(',,]t|t],

O.,-.70t 5.t-.32, ]0.,-._2, ]5.v-.30, 20.t-.28,200-,--21_,

= 6PYRJIT ,I,bHDYNP ,btl,ltl,

O.,-.11, 5.,-.12, 10.,-.12, !5.,-.17, 20. ,-.13 _2OO.,--13 t

= bHYYJIT ,C,loOt

= 6HPPPJIT,O ,1.0,

= BHCKFT ,l ,6HMACH ,Z,)l,ltl,

O.)b.t IO.tb._ 12._2-t ]OO.t2-t

= bHCKRT ,| ,6HMACH ,/¢,])]tlt

0o,2., 2.,2-, 2-01,t*-, 30'' t*''

= bHCKAT ,I,E, HD_tNP )&,l,l,lt

O.,10.) lO.)lO.t 30.92.5, 20D.,2.5,

= 6HYCGT ,0,O.125,

= bHIXXT ,0,7690OO. ,

= OHIYYT ,O ,5765OO0.,

= 6HIZZT ,0,59120C0-,

= bHIXZT ,0 ,)31000.)
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_oAe SAMPLE PROPLEM INPU'I (CONTD)

ENDPHS

$

PSGENDAT

EVENT

CRITR

VALUE

MF!L

ENDPHS

ENDPR_

FNDJC=

$

= I,

= 1C.,

= 6HTIMRF1,

- 1510.,

= It

= 19

= 1,

- 19
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8._° SAMPLE PPOFLEM OUTPUT

THF SAMPLE OUTPUT SHOWS THE TIME HISTORY OF THE REENTRY

TRA3ECT_RY AT I SECCND INTERVALS°

THF ANSWERS SHOWN WERE OBTAINED ON THE MARTIN MARIEITA

CDC 6.=,00 COMPUTER. ANSWERS OBTAINED C N OTHEP Ct_MPUIERS AND

OPERATING SYSTEMS WILL PROBABLY DIFFEF_ SLIGHTLY FRt_M THESE

RESULTS DUE TO NUMERICAL ACCURACY DIFFERENCES BEIWEEN THE

CF_MPUTERS AND OPERATING SYSTEMS.
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9,, LISTS OF VARIAPLES

THIS SECTION PRESENTS A LIST C_F ALL INPUT VARIABLES AND ALL

TRAJECTORY [_tJTPUT VARIABLES USED IN THE PROGRAM. THE TARGETING/

OPTIMIZATION OUTPUTS ARE PRESENTED IN SECTION z,.F.

THE INPUT VARIABLES ARE LISTED ACCORDIN_ TO IHF NAMELIST

IN WHICH THEY APPEAR AS INPUT. THe- It_PUT¢ F_R NAMELIST TBLMLT

ARE NCT INCLUDED SINCE 1HE MULTIPLIERS WHICH _RE INPUT IN THAT

NAMELIST FOLLOW IHE RULES GIVEN IN THE TABLE MULTIPLIER SECTION
OF ThIS REPORT.,

THE _UTPUT VARIABLES ARE PPESFN'/[D IN ALP_A6ETICAL ORDER AT

Fk,D OF THIS SECTION. THIS LIST .RH_ULD BE CONSULIFD WHEN LOOKING

FOR HOLLERITH (PCD) NAMES OF TARGETINC/OPTIMIZAIION VARIABLESt

TAELE ARGtIMFNTS, EVENT CRIIERIA9 PRINT RE_UESTS_ ETC.





PAGE o.A.O.I

Q.A. INPUTS FOR NAMELIST SEARCH

THIS SECTION CONTAINS A LIST OF ALL INPUT VARIABLES FOR

NAMELIST SEARCH. IT IS INTENDED ONLY AS A SUMMARY OF ALL THE

INPUTS FOR THE BENEFIT OF USERS WHO ARE FAMILIAR WITH THE VARIOUS

OPTIONS. MORE DETAILED INSTRUCTIONS ON HOW TO INPUT VARIABLES

SUCH AS CONTROL PARAMETERS, ETC._ ARE FOUND IN THE SPECIFIC

SFCTIONS THAT DISCUSS THE TOPIC IN QUESTION.

THE INPUT VARIAPLES FOR NAMELIST SEAoCH IN ALPHABETICAL

ORDER ARE-

INPUT STORED

SYMBOL UNITS VALUE DEFINI'I I['N

CDENS SLUGS/FT3 .001940

PER 31 965

KG/M3

ATMOSPHERIC DENSIIY CONVERSION CON-

STANT.

CFORCE NT/LB 4.44B2216 FORCE (lrpRUS1 " AND AER[_DYNAMIC)

152605 CONVERSION CON STA RT.

CHEAT JOULES/

BIU

1054.3502 AEROHEATING (ONVERSION CONSIANT.

6448BBB

CMASS K C-/SLUG MASS CDE,'VER_ION CONSIANT.

CMPFT M/FT . 304_ LENGTH CENVERSION CONSTANT.

CONEPS{ 1) DEC EO. 9 CONVERGENCE TOLERANCE DN THE ANGLE

BETWFEN "THE OPTIMIZATION VARIABLE

GRADIENT AND ITS PROJFCTION ONTO

THE PLANE TANGFNT TO THE INTER-

SE-CTI_)N [_F THE CONSTRAINT

(DEPENDENT VAPIAFLE) SURFACES.

CONEPS(2) N/D O.lO TPE MINIMUM ALLOWA6LE PERCENTAGE

CHANGE IN TI_E MAGNITUDE OF THE

CONTROL PARAMETERS BETWEEN

SUCCESSIVE IIEQAT]ONS.

CONEPS(3) N/D 0.10 THE MINIMUM ALI_OWAELE PERCENTAGE

CHANC-E IN Pl ON SUCCESSIVE

ITFR ATIO_,_.
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9°A. INPUTS FOR NAMELIST SEAPCH |C_N'I'D)

INPUT _TORED

SYMBOL UNITS VALUE DEFINITION

CONEPS(4} N/D 0.10

CCNEPS{5) N/D 0.|0

CONSEX(I | DECIMAL 1.OE-6

CONSEX{2 } DECIMAL .OOI

CPRES LBS/FT2 .C2P68

PER 54347

NTICM2

CTEMP DFG F |.8

PEQ

DFG C

DEPPH(I) DECIMAL 9000

I=I,25

DEPTL(I) NAME AS 1.O

I:It25 DEPVAL

DEPVAL{I) SAME AS O.O

I:] ,25 THF VARI-

APLF IN

DEPVR(I )

DEPVR (I }

I:1,25

HOLLERITH 0.O

THE MINIMUM ALLfTWABLE PERCENTAGE

CHANGE IN P2 ON SLICCESSIVE

I_ERATIDN[.

THE MINIMUM PERCENTAGE CHANGE

VALUES OF G2MAG ON SUCCESSIVE

IIERAII_N_.

IN THE

PERCEN_ACE DIFFERFNCE BETWEEN TWO

CON-_FCUTIVE OPTIMIZATION TRIAL

STEPS PEFCRE CURVE FIT PROCESS IS

TERMINATED.

PERCENTACF DIFFFRE_E _ETWEEN TWO

CONSECUTIVF TARGETING TRIAL STEPS

BEFORE CURVF FIT P_OCFSS IS TERMIN-

ATED.

ATMOSPHERIC PRESSI'RE CDNVERSION

CONSIANI.

ATMCSPHEPIC TEMPERATURE CONVERSIDN

CONSTANT.

THE EVFNT AT WHICF_ DFPFNDENI

VARIABLE (TARGFT) I IS TO _E

SAIISFIFD.

THE DESIPED ACCURACY LEVEL WIIHIN

WHIC_ DEPVR{I) IS CONSIDERED TO eE

SATISFIED.

THF DESIPFD VALUE OF DEPVR|I).

THE VALUE. _. _F DEPVAL ARE INPUT IN

ENGLISH UNITS IF IPFLAG=O OR l,

AND IR MEIRIC tBIIS IF IOFLAG=2

OR 3.

THE HOLLEQITH NAME OF DEPENDENT

VARIABLE I.
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O.A. INPUTS FOR NAMELIST SEARCH (C_NIDI

INPUT STOR ED

SYMBOL UNITS VALUE DEFINITICN

ENDJOB INTEGER 0 END-OF-JOB FLAG.

ENDPRB INTEGE_ 0 END-OF-PROBLEM FLAG.

FITERR(I) DECIMAL I .OE-6 PERCENTAGE DIFFERENCE BETWEEN TWO

CONSECUTIVE OPTIMIZATION TRIAL

VALUES FEFORE CURVE FIT PROCESS IS

TERMINATED.

FIIERR{2) DECIMAL .001 PERCENTAGE DIFFERENCE BETWEEN TWO

CONSECUTIVE TARGETING TRIAL VALUES

_EFCRE CURVE FIT PROCESS IS TERMIN-

ATED.

FTPNM FTINM bO7b. II55 DISTANCE C_NVERSION CONSTANT.

IDEB I NTEGER 0 CONTROLS TRIAL STEP PRINTOUT. USED

PRIMARILY F{_R [_EPUGGING PROBLEMS

THAT FAIL TO CCNVFRGE.

IDEPVR(I) INTEGER 0

I:I,25

FLAG TO INDICATE THE TYPE OF

CCNSTRAI_T DESIRED FOR DEPVRiI|.

IFDEG II) INIEGER 0

I=1,25

CONTROLS 360- 0 DEGREE DISCONTIN-

UITY IN DEPVR{I). FOR EXAMPLE, IF

DEPVR(I) : 6HTPUAN t AND DEPVAL =

35q.qS, t DISCONTINUITY EXISTS NEAR

THE DESIRED VALUE, AND IFDEG SHOULD

BE USED.

IFRUNFIJ) INTEGER 0

J=l,5

AN ARRAY CONTAINING THE RUN NUMBERS

TO BE USED IN CONJUNCTION WITH THE

VARIABLE NXTRUN TO DETERMINE WHICH

RUN IS TO BE MADE NEXT.

INDPH ( I ) DEC IMAL 0.0

I=l , 25

PHASE AT WHICH ]NDVR(I) IS TO BE
INITIATED.

INDVR { I !

I:1,25

HOLLERITH 0.0 HOLLERIT_ NAME OF THE IIH INDEPEN-

DENT VARIABLE USED FOR ThE SEARCH

PROCESS.

IOFLAG INTEGER 0 INPUT/OUTPUT UNIIS FLAG.
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9.A. INPUTS FOR NAMELIST SEARCH |CPN'lrD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

]PRC INTEGER 0

ISFNS INTEGER 0

LISTIN INTEGER 2

MAXITR INTEGER ]O

MODEW INTEGER I

MUL]QF INTEGER ]

NDEPV INTEGER 0

NINDV INTEGER 0

NPAD(]) INTEGER ]O

NPAD(2) 5

NPAD(3,) DEC IMAL ]0.

CONTROLS PRINT OUT OF TRA3ECTORIES

DURING SEARCH/OPTIMIZATION.

FLAG IO CONTROL HOW SENSITIVITIES

ARE TO BE COMPUTED.

: O, USE _IRST DIFFERENCES

= I, USF SYMMETRIC DIFFERENCES

= 2t USE USER SUPPLIED ANALYTICAL

PARTIALS IN SUFROUTINE ANPART

CONTROL- _ SUMMAPY-CF-INPUT PRINTOUT

MAXIMUM NUMBER OF ITERATIONS DURING

SEARCH/OPTIMIZATION.

CONIROLS TYPF OF WEIGHlING TO BE

USED FOR THF INDEPENDENT VARIABLES

A FLAG 10 INDICATE HOW THE INPUT

DATA FCR THE CURRENT RUN IS TO BE

FORMED WHEN RUNNING MULTIPLE RUNS.

NUMBER OF DEPENDENT VARIABLFS TO

BE SATISFIED FI"R THE SEARCH/OPTIM-

IZATION.

NUMBER OF INDEPEN[)ENT VARIABLES

IO BE USED FOR CONTROL IN THE

SEARCH/OPTIMIZ ATI ON PROCESS.

THE LOWER AND UPPE Q FPUNDS ON THE

DFSIRED NUMBER _F DIGITS DIFFERENCE

BETWEEN THE NOMINAL AND PERIURBED

VALUES OF THE DEPENDENT VARIABLES

WHEN COMPUTING THF SFNSITIVITY

MATRIX.

THF L_WFR B_UND DN THE PERCENTAGE

CHANGE IN THE PERTURBATION OF THE

C_NIPOL PARAMETERS WHEN COMPUTING

THE SEN-_ITIVI)Y MATRIX.
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9.A. INPUTS FOR NAMELIST _EARCH (CONTD)

INPUT STORED

SYMBOL UNITS VALUE

NXTRUN INTEGER 1

OPT DECIMAL 0.0

OPTPH DECIMAL 900 o0

_PTVAR HOLLERITH 0.0

PCTCC DECIMAL .3

PERT(I)

I=1,25

P2MTN

SRCHM

STMINP

SAME AS 1.0E-4

THE VAR.

SPECIFIED

BY ]NDVR(])

DECIMAL ] .0

IN_r EC-ER 0

DECIMAL .1

STPMAX DECIMAL ].E]O

U(I)

I'1,25

SAME AS 0.0

T_E VAR.

SPECIFIED

BY INDVR{I)

DEFINITION

A FLAG TC INDICATE WHETHER OR NOT

THIS IS THE NEXT Rt_ WHEN USING

THE SEARCHI(_PTIMIZATION OPTION.

FLAGS TEE TYPE OF OPTIMIZATION TO

BE PERF_qMED°

PHASE AT WHICH THE VARIABLE SPECI-

FIED PY OPTVAR I-r TO PE OPTIMIZED.

HOLLERITH NAME OF THE VARIABLE TO

[_E OPTIMIZED.

MAXIMUM PERCENTAGE CHANGE IN THE

MAGNITUDE OF THE CONTROL VECTOR,

U(I) DURING AN OPTIMIZATION STEP

{NOT USFD F[_R TARCETING).

PERTURBATION CN THE INDEPENDENT

VARIAPLE, INDVRII) WHOSE VALUE IS

CURRENTLY tl(l) . U_ED I0 DETERMINE

THE SEN._ITIVITY DE(J)IDU(I).

THE PROBLEM IS CONSIDERED TARGETED

IF P2 (THE MAGNITUDE OF THE ERROR

VECTOr> E(I)) IS LFSS THAN P2MIN.

CONTROL.*" THE TFCHNIQUE USED FOR

SEARCH/OPTIMIZ ATI PN.

MAXIMUM PERCENTAGE THAT A TRIAL

STEP I._ ALLOWED T(_ BE REDUCED EY

EASED UPCN THE C.IYPVE FIT.

MAXIMUM AF-_OLUTE C_ANGE ALLOWED

IN MAGNITUDE [_F WEIGHTED CONTROL

VECTOR.

INITAL VALUES TO EE USED FOR THE

VARIABLE. _ SPECIFIED BY INDVR(I) AT

PHASE INDPH(I).
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9.A. INPUTS FOR NAMELIST SEARCH |CONT,)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

WCC]N DECIMAL 100.0

WOPT DEC IMAL | ,0

WVLI| I) SAME AS 0.0

I=],25 THE VAR.
SPECIFIED

EY INDVR (I)

WEIGHTING CONSTANT FOR P2 WHEN OPT

IS NONZERO AND SRCHN IS NOl EQUAL TO
FCUR.

WEIGHTING FOR THE OPTIMIZATION VAR-

IABLE. -_HOULD [_E APPROXIMATELY

ONE _VER THE Nt"RMAL VALUE OF OPTVAR.

INDEPENDENT VARIABLE WEIGHIING

USED IF MODFW = O.

WVUII) SHOULD BE INPUT AS THE

RECIPRHCAL [_F THE MAXIMUM CHANGE

ALLOWED IN U(I) PFR ITERATION
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THIS SECTION CONTAINS A LIST OF ALL INPUT VARIABLES FOR

NAMELIST GENDAT. IT IS INTENDED _NLY AS A SUMMARY OF ALL THE

INPUTS FOR THE PENEFI1 OF USERS WHO ARE FAMILIAP WITH THE

VARIOUS OPTIONS. MORE DETAILED INSTRUCTIONS ON THE USE OF THESE

VARIABLES CAN BE FOUND IN THE SECTIONS THAT DISCUSS THE SPECIFIC

OPTIONS.

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AAFFP(1) RAD/SEC 0.0

AAFFY ( I )

AEXP N/D .64

AFFP R AD/SFC 0.0

AFFY

ALPHA

BETA

BNKANG

ALTA

ALTITO

ALTMAX

ALTMIN

ALTP

APRLIM

APPLIM

APYLIM

DEG 0.

N .MI. 0.

(KM)

FT O.

(M)

FT

(M)

FT

(M)

N.MI,

|KM)

DEG

I.E2C

-5000,

0.0

PITCH AND YAW ANGULAR

ACCELERATION FILTER FREQUENCIES.

AXIAL EXPC_NENT. UFED IN CALCULATION

OF VISCCUS CCRRFCIIONS IF NPC(8)=4.

THF ALITOPILOT ACCELERATION FILTER

FREQUENCIES IN PITCH AND YAW FOR

THE ASCENT AUT(?PILOT.

INITIAL VALUE_ OF ANGLE OF ATTACKt

SIDE,_LIPt AND BANK, RESPECTIVELY.

INITIAL APOGEE ALTITUDE.

NPC(3)=5.

USED IF

INITIAL A,LTITUDE ABOVE THE OBLATE

PLANET. USED IF NPC(4)=2 AND IF

GCRAD I_ NOT INPUT.

MAXIMUM ALTITUDE, I.E., THE TRAJECTORY

WILL TEPMINATE IF THE VALUE OF OBLATE

ALTITtlDE (ALTITO) EXCEEDS THIS VALUE.

MINIMUM _LTITUDE, I.E.t THE TRAJECTORY

WILL TERMINATE IF THE VALUE OF OBLATE

ALTITUDE (ALTITO| FECOMES LESS THAN

THIS VALUE.

INITIAL PFRTCFF ALTITUDE.

NPC(3)=5.

USED IF

THF AUTOPILOT ROLL, PITCH AND YAW

ATTITUDF ERROR LIMITS FOR THE

ASCENT AUTOPI LOT.



PAGE 9•P.C•2

¢_•B• INPUTS FOR NAMELISI GENDAT (CONT)
0

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AREFL ET**3

FREFL (M**3)

RREFL

ARGP DE_ O.

ARP(I) FT*S2

]:I,lO (M2)

ASFFP P AD/S*_2

ASFFY

ATIME S EC

ATMCSK(I) DECIMAL

I=I,2

AXRE FT

AYRB (M)

AZRB

0•0

_m

(_o0

IIMEIDTA

I •

AZ L D FG 0.

AZPEF DEG O.

AZVELA DEG

AZVELI DEG

0o0

C o

O0

THE PRODUCTS CF THE AILERONt ELEVATOR
AND RUDDFR AREAS AND RFFERENCE

LENGTHS USED TO COMPUTE THE HINGE
MOMENTS.

INITIAL ARGUMENT CF PERIGEE.

IF NPC |3)=5.

USED

THE SURFACE AREA _F PANEL I. USED

IF NPC (26)=1.

THE AUTC'PlLOT FILTER FRE(_UENCIES

IN PITCH AND YAW FOR TF_E SUM OF

THE ATTITUDE AND ACCELERATION

ERRORS FOR THE ASCENT AUTDPILOT.

THE TIME AT WHICH THE AUTOPILOT

WAS LAST FNTEPED•

ATMOSPHERIC CONSTANTS USED TO

COMPUTF THE SPEED OF SOUND {CSI AND

THE ATMOSPHERIC DENSITY {DENS)t
RESPECTIVELY.

THE POSITION C(-'MPCNFNTS OF THE

AUTOPILOT ACCELE_C'METER IN THE

VEHICLE _ODY REFERENCE _YSTEM.

THE AZIMUTH OF THE LAUNCH CENIERED

INERTIAL IL ) CC_ORDINATE SYSTEM

MEASURED CLDCKWI_F FROM NORTH•

THE AZIMUTH REFERENCE FOR USE IN

COMPleTING DWNRK_- _) CRRNG. USED

IF NPC{12)=I,2_3.

INITIAL AZIMUTH ANGLE OF THE VELOCIIY

RELATIVE TO THF ATMO._PHERE. USED IF

NPC(3)=3.

INITIAL AZIMUTH ANGLE OF THE INERTIAL

VELOCITY VECTOR. USED IF NPC(3I=2o
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9.E_o INPUTS F OR NAMELIST GENDAT (C('_NTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AZVELR DEG O.

AZWB D EG 180.

CINF N/D I .0

CLCDMX

CRITR

DADMA X

DEDMAX

DRDMAX

DAMAX

DEMAX

DRMAX

DAMIN

DEMIN

DRMIN

DELA

DELF

DELR

DELECI

DFPMAX ! I )

DEYMAX| I )

I:I, 15

DEPO ( I )

DEYO( I )

DECIMAL O.

HOLLERITH TIME

DFC-ISFC I.OE20

DEG ].OE20

DEG -1.0E20

D EC O .O

DEG

DEC

0.0

I .OF20

DEG 0.0

INITIAL AZIMUTH A_'GLE OF THE RELATIVE

VELOCITY VECTOR. USED IF NPC(3)=4.

WIND AZIMUTH PIAS. USED IF NPC|6)

-I.

CHAPMAN-PUBFSI_ VIECOSIIY CC_EFF -

]CIFNT. USFD IF NPC(B)=4.

THE VALUE OF THE MAXIMUM LIFT TO DRAG

PATIO FOR CRUISE FLIGHT USED T[_

COMPUTE DOWNRANGF {DWNPNG) _Y MEANS

OF THE 9PEC.UET EC.UATION. USED IF

NPC( I2)--A.

THE NAME CF THE EVENT CRITERIA

VARIABLF.

T_E MAXIMUM ALLOWAELE AILERONt

ELEVATCP AND RUDDER PATES.

THE MAXIMUM ALLOWABLE AILERON_

ELEVATOR AND Rt._DER DEFLECTION

ANCLES.

THE MINIMUM ALLOWl_LF AILER[?Nt

ELEVATOR A_'D RIIDDrR DEFLECTION

ANGLES.

1HE INITIAL VALIIES OF IHE AILERONt

ELEVATOR AND RUDDER CONTROL

SURFACE DEFLECTIO,_ ANGLES.

THE INITIAL VALUF OF DFLEC.

IHE MAXIMUM ALLOWAFLE PIICH AND

YAW DEFLECTIONS F('R ENGINE 1.

THE ZER[ _ ['EFLECTI[)N (NULL) VALUES

OF ENGINE I IN PITCH AND YAW.
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q._. INPUTS FOR NAMELIST GENOA1 |CONTI))

INPUT STORED

SYMFnL UNITS VALUE DEFINITION

DFSNF DFCIMAL

DEIA DECIMAL

DFFR

DFFP

DFFY

DPHP

DPHY

DP.KY

DREFR

DREFP

DREFY

DT

DTA

DIG

DTIMR IJ)

,l=]t4

DIM

R AD/. _ EC

DFG

DFC

FT

(M)

SFC

SEC

SFC

SEC

DECIMAL

THE NEXT

PRIMARY

EVENT

NUMPER

•

0•0

C.O

0.0

0.0

I.DE300

Do

I •

THE EVENT NUMBER AT WHICH THE VALUE

OF THE THROTTLING PARAMETER (ETA)

IS TC ATTAIN THE DESIRED VALUE.

THE DESIRED VALUE OF THE THROTTLING

PARAMETER, |FIAT AT THE EVENT

SPECIFIED PY DESNE. USED IF NPC{22)
:3°

1HE AUTO, PILOT DI,_PLACEMENT FILTER

FREQUENCIF_ IN RI_LL, PITCH AND

YAW FCR THE ASCENT AUIDPILOT.

THE ROLL MISALIGNMENT ANGLE FCR THE

PITCH AND YAW ACCELEROMEIERS.

THE YAW MISALIGNMEKT ANGLE FOR THE

YAW ACCFLEROME TEP .

THE AERODYNAMIC REFERENCE

DIAMETER FOR ROLLt PITCH AND YAWv

RESPECTIVELY. USED IO CALCULATE

THE AERODYNAMIC M(_MENTS IN ROLL,

PITCH AND YAWL RE-_PECTIVFLY.

THE INTEGRATICN INTERVAL ISTEPSIZE).

THE AUT_PILOI CYCLF TIME. DIA IS

USED IF ADI IS ZF_C _.

THE GUIDANCE CYCLE TIME. DTG IS

USED IF GDT IS ZERO.

THE DERIVATIVE OF TIME REFERENCE J.

THIS INPLII ACTIVATES THE INTEGRATION

OF TIMRFIJ) WHEN I_'PUI NONZERO.

A MULTIPLIER CN THE INTEGRATION

INTERVAL (DT) TC EE LISED IN

COMPUTING THE INTEGRATION INTERVAL

FOR THE PER_UPPED TRAJECTORIES AND

THE TRIAL _TEP TRAJECTORIES.
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q.B INPUTS FOR NAMELIST CFND_T (COk'TD)

INPUT

SYMBOL UNITS

STORED

VALUE DEFINIIION

DTHP DEG 0.O

ENDJOB

FNDPHS

ENDPRB

ENGFII)

1=1,15

INTEGER

INTEGER

INTEGER

INTEGER

ENGROL(I} DEG

I:I,]5

ETA

O

O

0

0

ETAARG

ETAPC(I)

EVENT(l|

FVENT(2)

FESN

FID(J)

J=lt2

FREFLII)

I:1,3

THE PITCH MISALIGNMENT ANGLE FOR

THE PITCH ACCELEROMETER.

0.0

END-OF-JOE FLAG.

END-OF-PHASE FLAG.

END-OF-PROBLEM FLAG.

A FLAG TF_ INDICATE THAT ENGINE I

IS Ok' OR OFF.

= Or ENGINE I IS _FF.

= I, ENGINE I IS UN.

DECIMAL l .O

THE ROLL ANGLE OF ENGINE I ABOUT

THE VEHICLE XP AXIS.

THE INITIAL VALUE OF THF TfIROITLING

PARAMETFR WHFN USING NPC(22)=3.

HOLLERITH TIMES THE NAMF OF THE VARIABLE TO BE USED

AS THE ARGUMENT FF_R THE ETA POLYNOMIAL.

USED IF _'PC(22)=OtI.

DECIMAL 1.0 t3*O. THROTTLING PARAMETER (ETA)

POLYNOMIAL COEFFICIENTS. USED IF

NPC (22)=O OR l.

DECIMAL O. THE EVENT SEQUFNCE NUMBER FOR THE

CURRENT PHASE.

DECIMAL O. THE TYPE OF EVENT.

DECIMAL I00. THE FINAL EVENT SEQUENCE NUMBER FOR

THE CURRENT PROPLFM.

HOLLERITH UD2b5 THE TWO WC!RD 120 CHARACTERS) FILE

FILE I.D. IDENTIFICATION TO BE WRITTEN ON

0000 THE PROFILE TAPE.

FT**3 0.0 THE PRODUCT OF THE AREA AND REFERENCE

LENGTH FOR FLAP ] USED "I_ COMPUTE

T_E HINGE MOMENT _(]R FLAP I.
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9o!_ 1NPUTS FOR NAMELIST GENDA1 (CDNTD)

INPUT STOR ED

SYMBOL UNITS VALUE DEFINITIPN

f AMMAI DEG O. INITIAL VALUE CF I_'ERTIAL FLIGHT PATH

ANGLE. USED IF F!PC(3)=2.

CAMMAR DEG C. INITIAL RELATIVE FLIGHT PATH ANGLE.

USED IF NPC(3)=4.

GCLAT DFC O. INITIAL GEOCENTRIC LAIITUDE. USED

IF NPC(4)=2 AND IF CDLAT IS N[)T INPUT.

GCRAD FT O. INITIAL GEOCENTRI{ RADIUS. USED IF

(M) NPC(4)=2 AND IF ALTITO 1S NOT INPUT.

GDERVIJ) HCLLERITH 0 THE NAME CF GEE'EPAL INTEGRAIION

J=l, 10 VARIABLE J.

GDLAI DEC O. INITIAL GEODEIIC LATITUDE. USED

IF NPC(4)=2 AND IF GCLAT IS NOT INPUT.

GINTIJ) DECIMAL O. THE VALtlF OF THE 1NTEGPAL OF

J=I,]O (EN[RAL INIFGR_TIPN VAPIABLE J.

GTIME SFC TIME/DTG IHE TIMF AT WHICH ThE GUIDANCE

WAS LAST ENTERFD.

GIIME! SEC O.O THE TIMFS TO P FGIN THE OPEN LOOP

GTIME2 ALTITUDE COMMANDS AND CLOSED LOOP

ALTIIUDF-VELOCITY PROFILE COMMANDS

RESPECIIVELY, FPR IHE ASCENT

GU IDANC E.

GVRI(J) DECIMAL O. THE CONSTANT VALUED INPUT VARIABLES

J=ItIO FOR USE WITH THE GENERAL GUIDANCE

OPT ION_.

GXP(I) El O. LCCATION CF THE E_GINF GIMPAL IN

GYP(I) (M) BODY RFPERENCF (XBR,YPRtZBR) SYSTEM

GZP(I ) FF_R ENGINE I.

1=1,15

HEATK(I) DFCIMAL 1. COEFFICIF_TS USED IN COMPUTING

I=],3 17600. CHAPMANS HEATING _ATE. USED IF

2(>000. NPC(15)=],3,4.

GAMMAA DEG O. INITIAL ATMOSPHERIC RELATIVE FLIGHT

PATH ANGLE. USED IF NPC(3)=3.
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INFUIS FOP NAMEL].eT GENDAT (CPNT[_)

INPUT STOPED

SYMBOL UNITS VALUE DEFINITION

HMAMX FT-LPS I.OE20

HMFMX (N-M)

HM_MX

HRAT(I) DECIMAL C.

l:I_IC

IAERf_M INTFF.ER 0

IGF(J) INTFGFR 0

J:1,6

IGINII INIFf.FP 0

IGSTPT INIFC_F_ C)

IGUID (12) INTEGEr'

]G_rID(14) INTFGFR

IGUID(16) INIEGE_

IGUID(I7) I NHF f-EP

THF MAXIMUM ALL_WAELE AILERON,

ELEVATE_R AND RUDDER _INGF

MOMFNT;.

THE HEAl RATIO FOR PANEL I WITH

RESPECT TO THF P,F F_RENCF TOIAL

HEAl (ILPEAI).

FLAG CC_'T_OLLI._C, _FW ThF AERODYNAMIC

MOMENT, _ AFE CALCULATE[ _.

= C_ USE XPFFI, YREFT AND ZREF].

= 1_ USE CPPVnl_ _PP2Pl, CPPXRT_

CPPY_T_ CPYX_-I A_D CPYZRT°

THE ARRAY CF I_,'PU_r FLDGS FOR USE

WITH THI- GF_!EP,_L cuIr_ANCE OPTIONS.

A FLAG TO I_!D!CAIF THAT I_E SHUITLE

ASCENI FUIDANCF _('UAXIONS ARE TO _E

INITIALIZFD.

: Ct DC NUT INITIALIZE THE ASCENT

GUIDAN(IF.

: It INIXIALIZF I_E A__CENT

CUT[:ANCE.

A FLAG T_ INDICATE T_',T THE SHUTTLE

ASCENI C-I!]DANCF CCMMANSS ARE ]O BF

USED.

= 09 ZF_ PUT IHE COMNA_PS.

: |_ USE _PF CALCULATED COMMANDS.

A FLAG If SPECIFY THE

PPTIDN TO P,E USED FC'R VEHICLE

PODY ATT]HLIDF INIIIAL]ZAIIPN.

GENF_AL OPEN OP C.LCSED t['OP
GUIDANCF _PTIO_ _,.

A FLAC, 3P SELECT THE (_PEP-LCOP

GUIDANCE _PTIF_N TF" PE LISED.

A FLAG TO SFLFCT I_F CLOSED-LOCP

GUIDANCF CPTICV I0 _F LIFFD.



PA_E 9._.0.@

9.F INPLIT_ FOR NAMELIST GEN_AT {C[)NTD)

INPUT _TORED

SYMBOL UNITS VALUE DEFINIIICN

IGUID(IS) INIEGER 0

INC DEC O.

]SLECT INTEGEP 0

ISTET INTEGEP C

ITRAN_ IN_EC-ER O

IWPF(I) INTEGEQ 0

I=l,15

J?

J3

J4

KPOA

KPDE

PDR

KPDP ( I )

I=1,15

KRDA

KRDE

KRDR

KRDP(I)

I:],]5

KRDY(I)

I=I,I5

KYDA

KYDE

KYDR

KYDYII)

I=1,15

DECIMAl

N/D

NID

N/r_

N/D

N/D

N/D

N/F,

ATTITUDF RATE INITIALIZATION FLAG.

INITIAL INCLINATICN ANGLE. USED IF

NPC(3)=5o

GUIDANCE PHASE SELECTrP.

GUIDANCE INITIALI2ATIfIN FLAG.

TRAN_I_ICN PHA.CF FLA(.

FLAG TO INDICATF WHICH FRGINES ARE

TO PF INCLUDFD IN THE SPECIFIC

FLfIWRATE INTEGRAT]{._ flBTAINED WHEN

NPC(27) = ].

1 .n_23E-3 SECOND,

O. IN THE

O. USED IF

0.0

0°0

0o0

C.O

0o0

0.0

0.0

TFIPD, AND FC_URTP HARMONICS

G_AVITY PCTElYTIAL FUNCTION.

NPC (]b 1:0.

THE PITCH MIXING GAINS FOR

THE AILFRCN, FLEVAIOR AND

RUDDER C[NTROL SU_FACE_.

THE PITCh MIXING C-AIN FOR THE

PITCH DEFLECTIPN CF ENGINE I.

THE ROLL MIXING GAIN. _ FO_ THE

AILEPPN, FLEVAIOR AND RtIDDER

CONTROL SUPFACES.

THE RCLL MIXING GAIN FOR THE

PITCh DEFLFCTICN ('F ENGINE I.

THF RPLt. MIXINC- C-AIN F[?R THE

YAW DEFLECTION {_F ENCINE I.

THE YAW MIXING GAINS FCP THE

AILFRPN, ELFVATDR AND RUDDER

CONTPOL 5UPFACFS.

1HE YAW MIXIN6- CAIN F[_R lhE

YAW DEFLFCTION CF FNC_INE ].
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O.P INPUTS FOR NAMELIST GENDAT (CONTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITICN

LAN DEG 0.

LATL DEG

LAIREF

LONR E F

LDR L F

DEC- 0.

INTEGER 0

LONG DEC O.

LONCI DEC 0.

LONL DEG

LREF

GDLAT

MAXTIM

MDL

MONF(J)

J=l_2t3

MONX(I)

I=I,IO

MONY ( I )

I:I , IO

LONGI

FT

(M)

SFC

INTEGER

O.

I.EIO

I

HOLLEPITH O.

HOLLERIIH C.

HPLLFRITh O.

INITIAL LONGITUDE OF 1HE ASCENDING

NODE MEASURED EAST OF lt_E XI AXIS.

LISED IF NPC(3)-=

LATITUDF PF ThF L_ttNCH CENTERED

INERTIAL (L) CCORDINATE SYSTEM.

REFERENCF LATITUDE AND LCNGITUDE

FOR USE IN COMPUTI_% IHF VARIOUS

RANGE PAPAMEIFPS. USED IF NPC(I2)

=I,2,3,_.

A FLAG TO AETIVATF THE LOAD RELIEF

OPTION.

INITIAL FAST LPNCITUDE RELAIIVE TC

THF PPIMF MFRIDIAN. USED IF NPC(4)=2

AND IF LCNGI IS NCT INPUT.

INITIAL LONGITUDE EAST OF THE XI

AXIS. VSE_ IF PPC(4I=2t AND LONG

IS NOT INPUT.

INERTIAL EAST LONGITUDE OF THE LAUNCh

CENTERED INFRTIAL (L) COORDINATE

SYSTEM.

REFERENCE LFNCTH U._ED IN THF

CALCULATION C'F REYNOLDS NUMBER.

MAXIMUM TRAJECTPRY TIME.

THE EVENT CRITEPIA MPDEL TO _E USED.

THE NAME OF THE VARIABLE TO BE USED

AS THE FUNCTIONAL INEQUALITY.

THE NAME OF THF VARIABLE TO BE

MONITfIRED FnR MAXIMUM AND MINIMUM

VALUE S.

THE NAME CF THE VARIAPLE WHCSE

VALUE IS TO FE DETERMINED WHEN

MONX|I) REACHES THE MAXIMUM AND

MINIMUM VALUES.
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_-P INPUTS FOR NAMELIST GENDAT (CONTD )

INPUT .CTORED

;YMBOL UNITS VALUE DEFINITION

MU FT_31 1.40765

SEC_2 39F+16

IM3/S2)

NAUTDP INTEGER 0

NEOS(J} I_IEGER C

J=I,3

NPC(I) INTEGER 0

NPCI3) INTEGER 4

NPC{4) INTEGER 2

NPC ( 5 ) INTEGER 2

NPC|O) INTEGER 0

NPC(7) INIEGER 0

NPC [8 ) INTEGER I

NPC (9 ) INTEGER 0

NPCfIO) INIECER 0

NPC (I 1) INTEGER 0

NPC(I2) INTEGER 0

NPC(13| INTEGER 0

NPC 114) INTEGER 0

NPC(IS) INIEGER 0

GRAVITATIONAL CONSTANT OF THE

ATTRACTING PLANET.

A FLAG T_ INDICATF WHICH AUT_PILOT

M[TDFL IS TO PE U_FD.

= O_ NO AUT[_PILO_.

= It USE THE A_CENT AUTOPILOT.

= 2t USE THE RFENTRY AUIOPILOT.

THE TYPE OF _OLq_DARY TO BE

CC,N_IDER_D FCR THE FUNCTIONAL

INEQUALITY WHEN USINC NPC{II)=I.

CONIC CALCtItATICN FLAG-.

VELOCITY VECTOR INITIALIZATION FLAG.

POSITION VECTOR INITIALIZATION FLAG.

ATMOSPHERE MODEL FLAG.

ATMOSPHERIC WINDS FLAG.

NOT APPLICAPLE TO 6D POS1

AERODYNAMIC COEFFICIENT TYPE FLAG.

PROPULSION TYPF FLAG.

NOT APPLICA[_LE l[_ 6D P()ST.

FUNCTIONAL INEC;UALITY CONSTRAINTS

OPTION FLAG.

CROSSRANGE AND DCIWNRANGE OPTION FLAG.

PROPELLANT JETIISION OPTION FLAG.

HOLD DOWN OPTI[_N FLAG.

AER[IHEATING RATE (_PTION FLAG.
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9.f_ INPUTS FOR NAMELIST GEND_.T ICt_NTD)

INPUT STORED

SYMBOL UNITS VALUE DE FINITI['N

NPC(Ib) INTEGER 0

NPC(17) INIEGER 0

NPC (]8) INTEGER O

NPC (]9) INTEGER, I

NPC (2C) INTEGER 0

NPC (2]) INTEGER 0

NPC(22) INIFGER 0

NPC (24) I NTFGER 0

NPC (27) INTEGER 0

NPC (2q| INTEGFR 0

NPC(3O) INTEGER O

NPC [ I ) INT EGE R 0

I=32,35

NSPEC (J| INTEGER 0

J=It5

OMFGA RAD/SEC

PGCLAT DFG

7,,29211

E-5

O0

GRAVITY MODEL _PTI{;N FLAG,,

WEIGHT JFTTISON PPTI['N FLAG BASED

FMASST.

IRAJECTPPY TFPMINATIPN FLAG.

FLAC TEL CONTROL P_INTIN£ OF INPUT

CONDITIfNS FOR EACH PHASE.

FLAG TP SPECIFY THE TYPE OF

SPECIAL ]NTEC.PATIPN STEP SIZE IDT)

PREDICTION I0 FE USED.

FLAC- TC INDICATE THE METHDD BY

WHICH FLOWRATF IS TO EF COMPUTED

FOR ROCKET ENGINFS.

THROTTLING PAR AMFIER INPUT nPTION

FLAG.

GENERAL INTEGRATIC_' VARIABLE FLAG.

ACTIVATIgN FLAG FCR THE OPTION TC

INTEGRATE TH_ FLPW_ATE OF SELECTED

ENGINES.

NOT APPLICABLE TF 6D PEST.

WEIGHT CALCULATI_ GPTICN FLAG.

NO1 USED.

THE ARRAY OF I_'PUI FLAGS FOP USE

THE SPECIAL CALCULATIONS ROUTINE

(CALSPEC).

IN

ROTATION RATE OF IF E AIIRACTING

PLANET.

INITIAL GEOCENTRIC LATIIUDE

PERIGEE. MFASURFD POSITIVE

NORTHERN HEMI_PHF RE. USED

"-5,,

OF

IN THE

IF NPC(3)
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a.F_ INPUT_ FOR NAHFLIST GFNDAT (CONTD)

INPUT

SYMPOL UNITS

STORED

VALUE DEFINITION

PINC

PRNC

PRNT ( I )

PSL

PWPROP

PAZD

EE

RENG(I)

I=1,15

RFFR

RFFP

RFFY

RHOSL

RN

SEC O.

SEC IHU

HPLLERITH O.

PRINT INTFRVAL .

PROFILE TAPE WRITF INTERVAL.

PRINT VARIAPLE NA_FS.

LBIFT**2

(N/M2)

LB. _

(N)

DEG

FT

(M)

INTEGER

RAD/SFC

SLIIGSI

FI**3

(KG/M3)

FT

(M)

VARIES

BASED ON

NPC(5)

SEA LEVFL ATMOrPHFRIC PRFS5URE

USED IN COMPUTING JET ENGINE IHRUSI

AND FLPWR ATE.

O0 1HE VALUF OF THE PRCPELLAN1

CONSUMFD BY IHE F_FINES SPECIFIED

BY IWPF(I).

THE RUNWAY AZIMUTH OF THE IARGEI

(LANDING SIIF).

20925741. EQUATORIAL PADIUS _F IHE ATTRACIINC

PLANET.

0 A FLAG TO INDICATE THAT ENGINE

I IS A _LL ENGINE.

= O t ENGINE I I_ NOT A RELL ENGINE.

= I • ENGINE I IS A P_LL EN{INE.

C.O THE AUTOPILPT PATE FILLER

FREQUENCIES IN PPLL, PITCH AND

YAW FOR l_F ASCEN1 AUTOPILOT.

.00237bq SEA LEVEL DENSITY USED IN COMPUTING

CHAPMAN c HEATI_'G PATF. USED IF

NPC(|5)=l_3t4.

I°0 NOSE RADIU_ USFD IN COMPUTING CHAPMAN

HEALING PATF. I_SFD IF NPC(IS)=I•3,_.

RCLB

PITB

YAW_

DEG 0o0 THE INITIAL VALUE CF "IHE INTEGRATED

ROLL_ PITCH AND YAW B('DY RATESt

RESPECTIVELY.
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Q.E INPUT. ¢ FOR NAMELIST GENDAT |CONTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

ROLBD DFG/SEC 0.0 THE INIIIAL VALUE _F THE VEHICLE

PITBD ROLL, PITCH AND YAW 60DY RATES

YAWBD WITH RFSPFCT T_ I_ERTIAL SPACE.

ROLI DFG O. THE INITIAL VALUF_ OF THE INERTIAL

YAWI EULFR ATTITUDE ANCLE <_ [IF THE VEHICLE

PITI WITH RESPECT TP x_'E LAUNCH PAD (L)

COORDINATE SYSTFM.

ROLIDL DEG/SEC I.OE20 THE INERIIAL EULFP ANGLE RATE LIMITS

YAWIDL FOR THE .*'HUT1LF A.cCENT GUIDANCE.

PITIDL

ROLINL DEC -].OE20 THE INERTIAL FtILFP A_CLE NFGATIVE

YAWINL LIMIT FOP THE SHUITLE ASCENT

PITINL GUIDANCE.

POLlPL DFG I.OE20 THE INEPIIAL FillEr AKGLE POS]llVE

YAWIPL LIMIT F[_R THE SPUT!LE ASCENI

PIT IPL GUIDANCE.

RP FI 20855590. POLAR RADIUS OF T_E AITRACTING

(M) PLANET. USED IF NPC(]b)=O.

SPECI(J) DECIMAL O. THE CONSTANT VALUFD INPUT VARIABLEE

J=],9 FOR USE IN THE SPECIAL CALCULATICINS

ROUIINE (CALSPFC).

SPEF FI**2 O. THE AERODYNAMIC REFEQENCE AREA USED

(M2) TO COMPUTE THE AFPODYNAMIC FORCES

AND MOMENTS.

TAUINT N/D O.O THE INTFCRATION CC'NSTAM'T FOR 1tie

FORWARD INTFGRATI[_N LF'C'P IN THE

ASCENT _UTOPT LnT.

TAULP 5FC 0.0 PITCH AND YAW LOAT_ RELIEF

TAULY INTEGPATIPN TIME C_STAN_S.

THRSJ LBS O.O THE THRUST OF FACH RCS JEI. USED

(N) TO COMPUTE WDOTJ.

lIME SFC O. THE INITIAL VALUF CF IRAJECTORY TIME.
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INPU'/_ FOR NAMELIST GENDAT (CON'TD)

INPUT STORED

SYMBOL UNIT_ VALUE

IIMRFF

TIMRF (J)

J=I ,/*

TISPJ

TITLE ( ] )

]=] , lO

DECIMAL O.

SEC O.

,_FC

HOLLERITH O.

TLATCD DEG O.O

ILONGD DFG _.O

lOL

TRUAN

TSL

VALUE

VELA

I .OE20

VELI

VELP

SAMF

AS THE

CRITERIA

VARIABLE

DF_

l .E-6

Oo

DEC, R

(DEG K)

DFCIMAL

VARIES

BASED ON

NPC (5)

I.EIO

FT/SEC ('.

(M/S)

FT/SEC O.

(M/S)

FT/SEC O.

(M/S)

DEFINITION

THE REFFRFNCE TIM_ TC _F USED

INERTIAL RANGE CALCULATIONS.

IF NPC 112)=2.

lIME REFERE_CF J.

FOR THE

USED

THE SPECIFIC IMPULSE OF THE RCS

JETS.

A lO WORD lille lC_ PE USED FOR

PROBLEM/PHASE ID[NIIFICATION.

THE GEOCFNTPIC LATIIUDF OF THE
TARGET.

TPE LPNGITUDF PE Tt-,E TARGET MEASUP, ED

EAST _F THE GREENWICH MERIDIAN.

THE DESIRED ACCURACY TC_LERANCE

THE SPECIFIFD CRIIFRIA VARIABLE

(CR ITR ).

FOR

INITIAL IRUF ANOMALY. USED IF

NPC(3I=5.

SEA LEVEL ATMOSPHERIC TEMPERATURE

USED IN C_MPUTING JET ENGINE THRUST

AND FLOWRATF.

THE VALttE _F THE CRITEFIA VARIABLE

(CRITR) AT WHICH THE EVENT IS TB
OCCUR.

INITIAL ATMPSRHEPlf RELATIVE VELOCIIY

USED IF NPC{3)=3.

INITIAL VALUE _F ]\ERTIAL VELOCITY.

USED IF NPC(3)=2.

INITIAL RELATIVE VELOCITY. USED

IF NPC 13)=4.
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q=9 INPUTS FOR NAMFLIST GEND, AT (C_NTP)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

VINF I N/D .007

VXI(J ) FTISEC O.

J=I,3 (M/S)

WEICON LFS O.

IN)

WGT St, L B S 0.

(N!

WJEIT LOS 0.

(N)

WPCONJ LFS 0.0

[N)

WPLD LBS O.

(N)

WPROPI LP, S O.

(N)

XI(J) FT C.

J=],3 (M|

XMAX ( ] ) DEC IMAL

I=I,lO

XMIN(]] DECIMAL

I=I,10

-1.0E20

+I.OE20

INVISCID VALUE OF PAPEFACTION

PARAMETEP. USED IF NPC(B|=4.

THE INITIAL VALUES OF THE INERTIAL

VELOCIIY VECTOp COMPONENTS ALONG

THE XIt YIt AND ZI AXFS. USED IF

NPC(3)=I.

THE INITIAL VALUF CF THE AMOUNT

OF PROPELLANT CONSUMED.

THE VEHICLE CPE_SS WFIC-hT (EXCLUDINC

WPLD) AT THE _FGI,_,'NING rF THE PHA,_F

WHICH WGTSG IS INPU1.

THE WEICHT lO FE JETIISONED AT THE

EEGINNINC OF THE P_ASF IN WP, ICh

WJET) I_ INPUT.

]HE WEIGHT OF PRP..PELLANT (ONSUMED

BY THE RCS JETS.

THE PAYLOAD WEIGHT.

THE INITIAL WEIGHT OF PRCPELLANT.

THE INITIAL VEHICLE POSITION VFCIO_

COMPONENTS ALO_C TPE XI_ YI, AND ZI

AXES. USED IF NPC(4)=I.

THE INITIAL VALUE _F XMAX(I).

THIS VARIABLE CAN _E INPUT IN

ANY PHASE Tin _FINITIALIZE THE

SEARCH FOR ANOTF!F_ MAXIMUM OF

ThE VARIAPLF INPUI AS MONXII)

THE INITIAL VALUF (-'F XMIN(I ).

THIS VARIABLE CAN FE INPUT IN

ANY PHASE TO RFINIlIALIZE THE

SEARCH FOR ANPIHF_ MIk_IMt'M CF

THE VARIABLF INPt_T AS M{_NX(I).
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q.F INPUTS FOR NAMELISI GENDAT (CONTD)

YAWPK (I) N/D 0.0

I=]y2

YAWR

PIIR

POLR

YXMN(I)

I:l)lO

YXMX(I)

I:I,IO

DEG 0.

DFCIMAL

DECIMAL

+]. OF 20

-1.CE20

THE YAW GAINS FOR IHE VELOCITY

AND POSITION ERR[;FS, RESPECTIVELY,

FOR THE ASCENT GUIDANCE.

THE INITIAL VALUES OF THE RELATIVE

FULER ANGLES OF I_,E VEHICLE WITH

RESPECT TC' IHE LOCAL GFOC, RAPHIC (G)

COOPDINAIF SYSIFM.

THE INITIAL VALUE PF YXMN(1).

IHIS VARIAELE CAN EE INPUI IN

ANY PHASE TO RFINIIIALIZE I_E

SEARCH FPR ANGTHE_ MINIMUM OF

THE VARIABLF INPUT A,_ MC:NY(]).

THE INITIAL VALUE FF YXMX(I).

THI- _ VAPIABLF CAN _E INPUT IN

ANY PHASE TP. RFI_]IIALIZE IHE

SEARCH FOR ANPTHFP MAXIMUM GF

THF VARIAPLF I_PUT A.c M_NY(I).
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q.C. ]k_UTS FOR NAMFLIST TAB

THIS SECTION SUMMARIZES ALL THE TAPLE INPUTS FnR THE PROGRAM.

ALL TABLES ARE INPUT IN NAMELIST TAE WITH A NEW INPLIT OF NAMELIST

TAB BEING REQUIRED FOR EACH IABLE. SEE THE SECTION ON NAMELISI

INPUT SEQUENCE FOR DETAILS ON THE USE OF NAMFLI_T TAB.

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

AEIT El**? O.

I=ItI5 (M2)

AT FMT D EG R 0.
IDEG K)

AYBCT DEG/S*_2 0.0

AZBCT

AZWT DFC. 0.

CADA_

CADET

CADRT

CAF IT

I=1,3

N/D C .0

N/D 0.0

CAICT N/D O.

CAOT N/D O.

C AT N/D O.

CDDAT

CDDET

CDDRT

N/D 0.0

TAgLF OF FXIT _REA FOR ENGINE I WHEN

USING ROCKEI FNGINES, I.E.t IF

NPC(9)=] .

ATMOSPHERIC TEMPERAIURE IAFLE.

USED IF NPC(5)=I.

THE PITCH AND YAW _ODY ACCELERATION

COMMAND TABLES FOR THF ASCENT

AUTF_PILr_T ACCELEP ATInN ERROR

FEEDFACK LOOP.

WIND AZIMUTH TABLE. USED IN CON-

JUNCTION WITH VWT WHEN NPC(6)=].

AXIAL FE_PCE COEFFICIENT TABLES

FOR THE AILERON_ FLEVATOR AND

RUDDER CONTPC:L SURFACES. USED

IF NPC(B}=I.

THE AXIAL FOQCE CCFFFIfIENT TABLE

FOP FLAP I. U-_FD IF NPC(B)=I.

TABLE OF INVISCID AXIAL COEFFICIENT

AT MAXIMUM L/D. USED IF NPC(8|=4.

AXIAL FENCE COEFFICIE_'T TABLE FOR

ZEP_ ALPHA. USED IF NPC{BI=I.

AXIAL FORCE COEFFICIENT TABLE.

LISED IF NPC(E)=|.

DRAG F_RCE COEFFICIENT TABLES

FOP THE AILEPC}N, ELEVATnR AND

RUDDER £CNTPDL SURFACES. USED

IF NPC (_)=2.
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(#.C. INPUTS FOR NAMELISI TAB IC[_ID)

i

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

CDF IT N/I) 0.0

I=]i3

CDPT N/D O.

CDT N/D 0.

CHAT

CHFT

CHRT

CKAAPT

CKAAYT

CKAPT

CKAYT

CKASPT

CKASYT

CKAT

CKFT

CKPT

CKDR_

CKDPT

CKDYT

CKLAPI

CKLAYT

CKLVPT

CKLVYT

N/D 0.0

N/D 0.0

S FC*-2 C,.O

S FC*-2 C'.O

SFC**2 C.O

N/D O .0

N/T) 0 .O

P ADIFTI 0.0

S FC**2

P AD/FI/ 0.0

SFC

THF DRAG FORCE COEFFICIENT FOR

FLAP I. USFD IF NPC|5)=2.

DRAG FORCE COFFFICIENT TABLE FOR

ZERO ALPHa° U._FD IF _'PC(B)=2.

DPAG FOPCE COEFFICIENI TABLE.

U-_ED IF NPCIR)=2o

T_E AILF_CN_ ELEVATOR _ND RUDDER

HINGE MCMFNT CEIEFFICIENT TABLES.

THE HINGE MOMFNT COEFFICIENT

TABLE FOP FLAP I.

PIICP A_'D YAW ANGI,LA&' ACCELERAIlON

GAIN_.

1HE AUlPPILPT ACC[LFRAIICN GAIN

IAPLES FOR PITCH AND YAW,

RESPICTIVELY, FCR THE ASCENI

AIITOP 1t CT.

THf AUT{_PIL(_T C_AIN_ IN PITCH AND

YAW FOR I_E SUe CF THE ATIIIUDE AND

ACCFLERAIIOK' _DROR. _, FE_ l_E A.CCENT

AUTPPI lO_.

THE AILFFPK', FLFVATOP A._°D RUDDER

GAIN TAFLFS FOP IF_E REF-NTkY

AUTPPILnT.

THE AUICPILCT DISPLACEMENT GAIN

IABLFS FCR POLLy PlICV AND YAW,

QFSPFCTIVFLYt FCR TPF R_CFNI

AUTOPILE'I.

PITrH AND YAW LOAD PELIEF

ACCELFkAT]ON GAINo

PITCW AND YAW LC'A_ RFLIFF

VELOCITY GAIN.
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c)eC,. INPUTS FOR NAMELIST TAB (CONTD)

INPUT

SYMBO L UNITS

STORED

VALUE DEFINITION

CKRRT

CKRPT

CKRYT

CLDAT

CLDET
CLDRT

CLF IT

I=1,3

CLLBT

CLLDAT

CLLDE T

CLLDRT

CLLFIT

I=I,3

CLLOT

CLLPT

CLLRT

CLOT

CLT

CMAT

SFC

N/D

N/D

N/D

N/D

N/D

N/D

N/D

NID

N/D

NID

N/D

0.0

0.0

0.0

O.0

O.0

O.O

0°O

0.O

0.0

•

C I .

0.O

THE AUTOPILOT PATE GAIN TABLES

FOR RC!LL, PITCH AND YAWL

RESPECTIVELY, FOR T_E ASCENT

AUTDPILOT.

LIFT FORCE COFFFICIENI TABLES

FOG THE AILERON, ELEVATOR AND

RUDDER CONTROL SUPFACES. USED

IF NPC(_)=2.

THE LIFT FORCE COEFFICIENT FOR

FLAP I. USED IF NPCIB)=2.

1HE ROLLING MOMENT COEFFICIENT

PEP DECI_EF PETA.

ROLLING MOMENT COFFFI(IENT TABLES

FOR THE AILFRONt ELEVATOR AND

RUDDER C_NTPOL ._UPFACES.

l_F ROLLING MOMENT COEFFICIENT

FOR FLAP I.

THE ROLLING MOMENT COEFFICIENT

FOR ZERO ALPHA AND BETA.

TF*E ROLLING MOMENT DAMPING

DFFIVATIVE COEFFICIENT DUE

NON-DIMFNSI_NAL ROLL RAIE.

TO T HE

THE ROLLING MOMENT DAMPING

DERIVATIVE COEFFICIENT DUE

NCN-DIMEN._I_NAL YAW RATE.

TO THE

LIFT FOPCF COEFFICIENT TABLE FOR

ZERO ALPHA. USED IF NPC(_)=2.

LIFT FOnCE COEFFICIENT TABLE.

USED IF NPC(8)=2.

THE PITCHING MOME_T COEFFICIENT

TABLE PER DEGREE ALPHA.
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9oC ,, INPUTS FOR NAMELIST TAB |CO NTD)

INPUT

SYMBOL

CM_T

CMDAT

CMDET

CMDPT

CM(_T

CNAT

CNDAT

CNDET
CNDRT

CNOT

C PA YR T

CPAZRT

CPNXRT

CPNYR T

UNITS

N/D

N/D

N/D

N/D

N/D

N/D

N/D

N/D

FT

(M)

FT

(M)

FT

(HI

F1

IM)

STORFD

VALUE DEFINITION

O.O

O.O

O.O

0.0

O.

0.O

O.O

.

O.O

O.O

O.O

0.O

THE PITCHING MOMENT COEFFICIENT

FOR ZERO ALPHA.

PITCHING MOMENT COFFFICIENT TABLES

FOR THE AILERONt ELEVATOR AND

RUDDER CONTROL SUPFACFS.

TOE PITCHING MOMENT CC!EFFICIENT

TAELE FOR FLAP I.

THE PITCHING MOMFPT DAMPING

DERIVATIVE COEFFICIENT DUE TO THE

NON-DIMENSIONAL PIICH PATE.

N_RMAL FORCE COEFFICIENT TABLE.

THE NORMAL FORCE C('EFFICIENT SLOPE

CAN BE INPUT AS CNAT IF THE MNEMONIC

MULTIPLIER CNANM = 5HALPHA_ IS INPUT

IN NAMELIST TPLMLT. USED IF NPCIe)=].

NORMAL FORCE COEFFICIFNT TABLES

FOR ThE AILFRONt FLEVATOR AND

RUDDER CONTROL SURFACES. USED

IF NPC(B)=].

THE NC_RM_L FORCE COEFFICIENT

TABLE FOP FLAP I. USFD IF

NPC(_)=I.

NORMAL FORCE COFFFICIENT TABLE FOR

ZERO ALPHA. USED IF NPC{B)=I.

THE L{_CATION OF THE AXIAL FORCE

CENTFR OF PRES_URF ALONG THE YR AXIS.

THE LOCATION OF THE AXIAL FORCE

CENTER OF PRESSURE ALONG THE ZR AXIS.

THE" L_CAT]ON OF THE N(_RMATL FORCE

CENTER OF PRESSURE ALONG THF XR AXIS

THE LOCATION OF THE NCRMAL FORCE

CENIER OF PRESSURE ALf_4G THE YR AXIS.
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_.C. INPUTS FOR NAMELIST TAB (CCNTD)

INPUT STORED

SYMBOL UNITS VALUE DEFINITIPN

CPYXRT FT 0.0

(M)

CPYZRT FT 0.0

(M)

THE LOCATION OF IHE SIDE FORCE

CENTER OF PRESSURE ALONG THE XR AXIS.

THE LOCATIPN OF THE SIDE FORCE

CENTER OF PPES_:L'_E AL(_NG THE ZR AXIS.

CST FT/_EC O. SPEED _F _DU_D TABLE. USED IF

(M/S) NPC 15)=1 .

CWPT N/D 0.0

N/D 0.0

N/D 0.0

CWDAT

CWDET

CWDRT

CWFIT

I=1,3

CWOT N/D 0.0

CWPT N/D 0.0

CWRT N/D 0.0

CYBT N/D O.

N ID O. 0

N/D C .0

CYDAT

CYDET

CYDRT

THE YAWING MOMENT C[IEFFICIENT

TAFLE PE_ DEGRFE PFTA.

YAWING MC_MENT CC'EFFICIENT TABLES

F_R THE AILFRC_N, ELEVATC_R AND

RUDDER C{'NTRC'L SURFACES.

THE YAWING MOMENT COEFFICIENT FOR

FLAP I.

THE YAWING MOMENT COEFFICIENT

FCR ZER[ PEIA.

THE YAWI_'G MOMrNI DAMPING

DFRIVATIVF COEFFICIENT DUE TO lHE
N_N-DIMENSI_NAL PC'LL RATE.

THE YAWING M_MFNT F AMPING

DERIVATIVE COEFFICIENT DUE TO THE

NON-DIMENSIONAL YAW PATE.

SIDE FORCE COEFFICIENT TA6LE.

THE SIDE FORCE COEFFICIENT SLCPE

CAN BE I_PUT AS CYST IF THE MNEMONIC

MULTIPLIER CYBNM = 4H_ETA, IS INPUT

IN NAMELIST TPLML1.

SIDE FgRCE CC'EFFTCIENI TAELFS

FOR THE AILFRDN, ELEVATOR AND

RUDDER CC'NTROL SURFACES.

THE SIDE FOPCE COEFFI(IFNT FOR

FLAP I.
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9.C.

INPUI

_YMBOL UNITS

STORED

VALUE

C YOT NID 0 •

DELFIT

]=1,3

DENKT

DENST

DISK

DEG O.O

DECIMAL O.

S LUGS/ 0.

FT**3

lKC-IM3 )

INIEGER O

ETAT NID 0.

ELJT

J=It2t3

FMASST

FXBPJT

FYBPJT

FZBPJT

GENVI 1

I:I,2

HDPT

S AME AS O.

THE VARI AELE

IN MONF( J }

DECIMAL O.

LBS 0.0

(N)

DECIMAL O.

F1/SFC 0.0

DEFINIIION

SIDE FORCE COEFFICIENT TABLE FOR

ZERO BETA.

THE DEFLECTION ANGLE IAPLE FOR
FLAP ].

A DENSIIY MULTIPLIER TABLE WHICH IS

USED TO SIMULATE DENSITY DISPERSIONS.

THE DENSITY FROM THE ATMOSPHERE

MODEL PFING U_ED WILL [_E MULTIPLIED

BY THE TABLE LCPK-UP VALUE OF DENKT

WHICH MUST BF INPUT AS THE DESIRED

DECIMAL PERCENTAGE CHANGE IN DENSIIY.

ATMOSPHERIC DENSITY TAELE.

IF NPC(5}=].

USED

PARAMETER WHICH CONIROL. _ WHETHER

BIVARIANT AND TRIVARIANT CURVES AND

SURFACES ARE STf_QED ON DISK AND HOW

MANY ARE MAINTAINED IN MEMORY.

TABLE OF .THE IHROTTLING PARAMETER.

USED IF NPC(22)=2.

"THE VALUE OF THE P[_JNDARY OF THE

FUNCIIONAL INEOUALITY AS A FUNCTION

OF "THE TAPLF ARGUMENT.

A TABLE WHICH IS USFD IN C(INJUNCTION

WITH NPC(|T) TP DETERMINE 1HE VALUE

OF WJETIM.

"THE FORCE PER JET ALONG THE

VEHICLE POLLt PITCH AND YAW

BODY AXES.

THE .TAELES USED TC CALCULAIE TH_
GENERALIZED DEPENDENT VARIABLE

(DCENV).

THE ALTITUDF RATE PROFILE TABLF

FOR THE ASCENT GUIDANCE.
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9•C. INPUTS FOR NAMELIST TAB |COND,}

INPUT

SYMBOL

HPT

HTRTT

IXXT

IYYT

IZZT

IXYT
IXZT

IYZT

KHDT

KHT

PNPJIT

PPPJIT

PREST

PRJIT

PYJIT

I_P,DCT

P_DCT

YBDCT

RMPJT
PMPJT

YMPJT

UNITS

FT

PTU/

FT_2-SEC

( W/M 2 )

S LUG-F 7 2

(KG-M2 }

S LUG- Fl 2
( KG-M2 )

N/D

N/D

N/D

LB/FT*_2

(N/M2)

N/D

DEG/_EC

F I-L BS

(N-M )

STORED

VALUE

.... D_

O•O

O•

0°0

0•0

0°0

0.0

0•O

•

O.0

0.0

0.O

DEFINITION

THE ALTITL_E PROFILE 1ABLE FOR

THF A__CFN7 GUIDANCE.

THE TABLE OF AFRDHEATING RATE AS A

FUNCTION CF THE INPUT ARGUMENTS IF

NPC(15)=2, fir A MULTIPLIER TO BE

USED IN CALCULATINC HEATING RATE IF

NPCl]SI=3,4tS.

THE VEHICLE MOMENT.K CF INERTIA

TABLES APOUT THE VEHICLE RCLLt

PIICH AND YAW AXES, RESPECTIVELY.

THE VEHICLE PRFDUCIS CF INERTIA

I'ABL.FS •

THE ALTI'IUDF RATF EPRFe GAIN

TAELE FOR THE ASCFNT GUIDANCE.

THF ALT]TtlDE ERROR GAIN IABLE

FOR THE ASCENT C,I_IDANCE.

7HE PIT(t- MPMENT INTERFERENCE

COEFFICIENTS DUE IO THE NEGATIVE

AND P{)SITIVF PTTC_ JETS,

RESPFCTIVFL Y.

ATMOSPHERIC PRESSURE TABLE• USED

IF NPC(5)=I.

ThE PITCH ML_ENT INTERFERENCE

COEFFICIENTS DUE TO THE ROLL

AND YAW JETS, RESPECTIVELY.

THE ROLL, PITCH AND YAW EOOY RATE

COMMAND 3APLES FOP THE ASCENT

AUTOPILC'r RATE ERROR FEEDBACK L(]OP.

THE I;:OLL, PII(H AND YtW MOMENT

PER JET TABLF_ Ftr_R THE REENTRY

AUTOP I L _r.
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O.C. INPUT_ FOR NAMELIST TAB (COND)

INPUT STORED

SYMBOL LINITS VALUE DEFINITION

ROLT

YAWT

PITT

RRJII

RYJIT

DFG 0.0

N/D 0 .O

TVCIT L PS O.

I:] ,]5 (N)

VWT

VWUT

VWVT

VWWT

WGTJT

J=],2

WGTDJT

J:I,2

XCGT

YCGT

ZCC_T

XREFT

YRE FT

ZREFT

FT/SEC O.

(M/S)

FTISEC O.

(M/S)

LP/SEC

OR

LP/SEC/LB

(N/S OR

N/S/N)

LPS

(N)

LB/SEC

IN/S)

FT

IM)

FT

(M)

Oo

_o

Oo

C o

O°

TABLES OF ROLL, YAW AND PITCH

ANGLES OP RATES.

THE ROLL MOMENT INTEFERENCE

COEFFICIE_,'TS DIrE TO THE ROLL

AND YAW JFTSt RESPECTIVELY.

VACUUM THRUST TABLE FOP ENGINE I

WHEN USING ROCKET FNGINESt I.E.t

IF NPC(O)=I, OP NET THRUST OVER THE

ATMOSPHEPIC PPFSSITRE RATIO WHEN

USINC- JF'r ENGINFS, I.F., IF

NPC (q)=2,.

WIND SPEED TABLE. USED IN CCN-

JUNCTION WITH AZWT WHEN NPC(6)=I.

TAELES OF WIND SPEED COMPONENTS IN

THF NORTHt FAST, AND VERTICAL

DIRECTIC?NS. USED IF NPC(b)=2.

FLOWRATE TAPLE FCt© ENGINE I WHEN

tYSINC ROCKET ENGINES, I.E., IF

NPC(9)=| AND NPC(2I)=O. OR SPECIFIC

FUEL CONSUMPTION WHEN USING JET

ENGINFS, I.F°, IF NPC(Cp)=2.

TABLFS USED TO COMPUTE WEIGHT WHEN

NPC(30)=I .

TAPLFS USED TO COMPLITF F LCW RATE

WHEN NPC(30):2.

TAPLES OF CFNTFR-PF-GRAVITY LOCATION

ALCNG THF XER,YBP, AND ZPR AXES,

F<E,_PECT]VFLY.

TAFLES OF THE t,ERF_YNfMIC REFERENCE

LOCATIO_ PLC_G THE XBR, YBR, AND

ZPR AXES, RESPECTIVELY.
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Q.C. INPUTS FOR NAMELIS'/ TAB (COND)

INPUT STORED

SYMBOL UNITS VALUE DEFINITION

YRJIT N/I) 0.0

YYJIT

ZLALPT DEG 0.

THF YAW MOMENT INIFRFERENCE

COEFFICIFNTS DUE TO THE ROLL

AND YAW JET_ RESPECTIVELY.

ZERO-LIFT ANGLE [IF ATIACK TABLE.

USED IF _'PC(@)=4.
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9.D. OUTPUT VARIAt_LE.K

THIS SECTION PRESENTS AN ALPHABETICAL LIST t'lF THE OUIPUT

VARIABLES. THIS LIST SHOULD ALSO BE U.CED TO DETERMINE THE NAMES

OF INTERNALLY COMPUTFD VARIABLES WHIC_ ARF TO BE USED AS TARGETS,

EVENT CRITERIA VARIABLES, OPTIMIZATION VARIAPLES, AND TABLE

AR GUM ENT S.

OUTPUT

._YMBO L UNITS DEF INITION

ACCELP DEG

ACCELY

ADT S EC

AEJ

J=I,I5

ALDREF

ALPDOT

BFTDOT

BNK DOT

ALPERR

ALPGC

ALPHA

BETA

BNK ANG

ALPHI

BETAI

PANKI

ALPTOT

ALTA

ALTITO

ALTO

FT**2

(M2)

N/D

DEG/SEC

DEC

DFG

DEG

DEG

DFG

N.MI.

(KM)

FT

(M)

N.MI.

(KM)

ACCELERATION CONTRIBUTIONS TO THE AUTOPILOT

PITCH AND YAW COMMAND- c.

THE AUTOPILOT COMPUIFD CYCLE lIME. IF ADT

IS GRFATFR THAN Z_RC, IT OVFRRIDF_ DTA.

TABLE LOOK-UP VALUE OF EXIT AREA FOR ENGINE J.

CALCULATED IF NPC(Q)=].

L/D REFERENCE USED IN CONTROLLER.

RATE OF CHANGE IN ANGLE OF ATTACK, SIDESLIP,

AND BANK.

THE ANGLE OF ATTACK ERROR (COMMANDED - ACIUAL).

THE ANGLE OF ATTACK GUIDANCE COMMAND.

ANGLE OF ATTACK, SIDESLIP, AND BANK. SEE

THE _ECIION ON VFHICLE ATTITUDE ANGLES/RATES

FOR TH_ SPECIFIC DFFINITIONT.

INERIIAL ANGLE OF ATTACK, SIDESLIP, AND BANK.

THE SECTION ON VEHICLE ATTITUDE ANGLES/RATES

OPTIONS FOR THE SPECIFIC DFFINIIIONS.

IOTAL ANC-LE OF ATTACK.

ATTITUDE OF APOGEE ABOVF THF OBLATE PLANET.

CALCULATED IF NPC(I)=I,2t__.

ALTITUDE OF IHE VEHICLE _P__VE THE OBLATE

PLANET.

ALTITUDE OF PFRIGFF AFCVF THE OBLATE PLANET.

CALCULAIFD IF NPC(])=I,2,3.
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9eDo OUTPUT VARIABLES (CONTD)

E_UTPUT

SYMBOL UNITS DEFINITION

AMXB

AMYB

AMZB

ANGAP

ANGAY

ANGMOM

APORAD

APVEL

ARGP

ARGV

ASM

ASMG

ASXI

ASYI

ASZ!

ATEM

ATIME

AXP

AYP

AZB

FT-LBS

(N-MI

THE TOTAL AERODYNAMIC Mf_MENTS ABOUT THE

VEHICLE ROLL_ PITCH AND YAW PODY AXES.

DEG

FT_*2/

SFC**2

(M2/$2)

FT

(M)

FT/SEC

(M/S|

DEG

DEG

ANGULAR ACCELERATION CONTRIBUTIONS TO THE

AUTOPILOT PITCH AND YAW COMMANDS.

ORBITAL ANGULAR MOMENTUM. CALCULATED IF

NPC(1)=1,2,3.

GEOCENTRIC RADIUS PF APt_GEF. CALCULATED

IF NPC(1)=I,2t3.

INERTIAL VELOCITY AT APCGEE. CALCULAIED IF

NPC (I)=I ,2,3.

ARGUMENT OF PERIGEE.

=1,2,3.

CAtCULATFD IF NPC(I)

ARGUMENT OF THE VFHICLE. CALCULATED IF NPCII)

=It2t3. ARGV IS THE ANGLE BETWEEN THE

ASCENDING N_DE AND THE VF_ICLE IN THE ORBIT

PLANE MEASURED POSITIVE IN THE DIRECTION OF

THE VFHICLE MOTION.

FI/SEC_W_2 MEASURABLE (SENSED) ACCELEeATION MAGNITUDE.

( M/S2 )

G-S MEASURAPLE (SENSED) ACCFLFRATION IN G-S.

FT/SEC_2 COMPONENTS OF MEASURABLE (SENSED) VEHICLE

(M/S2) ACCELERATION IN THE EA©TH CrNTE_'ED INERTIAL

COORDINATF ._YSTEM.

DFG P ATMOSPHERIC TEMPERATURE. CALCULATED IF NPC(S)

(DFG K) =1,2,3.

SFC THE TIME AT WHICH THE AUTC_ILOT WAS LAST

ENT ERFD.

FT/SFC_*2 COMPONENTS {_F MEASURABLE (SENSED| ACCELERATION

(M/S2) IN THE BODY COORDINATF SYSTEM.
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9oDo PUTPU1 VAPIAP. LES (CflNTD)

OUTPUT

SYMBOL UNITS DEFINITION

AXPM

AYBM

AZFM

AXI

AYI

AZ!

AYPC

AZBC

AZVAD

AZVELA

AZVEL ]

AZVELP

CA

CY

CN

CAA

CADA

CADE
CADR

CAFI

I=],3

CAO

CD

CL

CDA

FPSS

(MOSS)

THE ACCELERATION COMPONENTS ALONG THE

VEHICLE BODY SYSTEM MEASURED _.Y THE

ACCENT AUTOPILOT ACCELFRC'MCTEP.

FI/SFC__2 CCMPCNENIS E!F TOTAL VEHICLE ACCELERATION IN

(M/__2) THF EA_TP CFNIFPFD INEnTIAL SY._TEM.

DF(,IF*_2 THE PITCh A,_D YAW PZ_Y _CcFLrPAI]C'N

COMMANDS FC'P THE A._CFMT AIIICPILC'T

ACCELERATIO.N ERPPR FEFF_ACK LOCP.

D FGI.¢EC R_E _F CH_'C-F IN THE AZIMU_F A_.,_(_LECF IHE

VELCCITY VECICR PEIATIVF _rO XFE AIMOSPEERE°

DEG AZIMUTH (PEA_ING) ANGLE rF THE VELCCIIY VECIOR

PFLATIVE l_ IHE ATM_SPHEPE°

DFC AZIMUIH (HFADING) ANGtF CF THE ]NERIIAL

VELOCITY VECTOP.

DEG AZIMI!TH IHEA_ING) ANC-LE CF 3_E VELOCIIY

VECT_ RELATIVE IP THE RPIAIING PLANET.

NID AFR_DYNAMIC AXIAL, ._IDE _ A_!_' NEPMAL FC'RCE

C_EFFICIENIS. CALCULATED IF Nr_c(P)=It2.

N ID

NID

N/[")

N/D

N/D

N/D

IA_LE LOOK-UP OF (AT lIMr._ CANMo

THE AXIAL FCPCE CE'FFFICIFN1 DUE 10 THE

AILERON_ FLEVATOR AND RUDDER D[FLFCTIDNS_

RFS PECTIVE LY.

IHE AXIAL FOPCE CF_FFFICIFNT DUE TO FLAP

DFFLFCTICN DFLFI.

TABLF LOOK-UP PF CAt'T.

AERODYNAMIC DRAG AND LIFT FORCE COEFFICIENTS.

CALCULATED IF NPCIR)--2°

IABLF LC_K-LIP OF COT lIMES CDNM.



PAGE q.O.O.4

O.D. OUTPUT VAt IAELES IC[_N1DI

OUTPtfT

SYMBOL UNITS DEF INITICN

CDDA NID THE

CDDE AIL

CDDR PF_PECTIVFLY,

DRAG FC_CE COEFFIEIFNT _UE TO THE

ERON_ ELEVATOR AND RUDDEP DEFLECTIONS,

CDO

CHA

CHF

CHR

CKA

CKE

CKR

CKAAP

CI(AAY

CKLAP

CKLAV

CKLVP

CKLVY

CLA

CLDA

CLDE

CLDP

CLFI

I=1,3

ELL

CM

CW

CLLDA

CLLDF

CLLDR

N/I)

N/D THE A ILEOF'N.. , FLFV_ICQ AND Pli!'£)F_ GAINS FOR
T_E PEENICY AIIT[_P]LC'I.

SFCW_W_2 _ABLE Lt_(_-L:P. (, UF TAPLES C_,AAP'I _ND CKAAYT.

RADIFT TABLE LCC'K-Ur_5 OF T/_,BLCS [KLAPl AND CKLAYT.

RADIF'V !A,RLE Lt!L'K-L!PF F,r _FLFF CKLVPT AND CKLVYT.

NI{_ TAnLF LCCK-UF PF CLT T]f_'r. ( CINM.

NIP THE LIFT FnPCF CPFrFICIFNT DUE Tt_ TF, E

_]LEROt,_ ELEV_TCP AND _UFDF_ [_E_LECIIC:h.'St
FFSPECTIVE LY.

NtD THE LIFT F:_-'(,_ (C;tFFICIENT lnt!E Tf' FL_P

DFF LEC 1 ICt'.! D,rLF I.

N/D TH_ AERCDYNAMIC _CLL]_;(_ P]ICHING AND YAWING

Mi-'MFNT cCr:FF ]CIEI_,'_._, PF_pEC_]VFLY.

N/D THE RCLLING MOMENT COFFFICIrI_I r;UE TO "THE

A1LEPON_ FLFVAIOR AND PUSD. r" C_EFLECTII'_IS_
_F._ PECT IVE LY,

TABLE LC_K-tlP E*F C[_F'T.

IHE AILEPC'N_ FLEVA_O p _ND _L'C,DE_ HINGE

MO_,_NI CPEFFICIF_I. _.

CDFI N/D THE DRA(: FC_RCF CC'F_FICIFNT DI_E TC_ FLAP

I=I,3 D_F LECTIt_ DFLF1.



P_GE q.D.O.5

9.D. FIUTPU1 VARIAP, LES ICPNTD)

OUTPUT

SYMBOL UNITS DEFINITION

CLLFI N/I)

1:I,3

CLLO N/D

CLLP N/D

CLLR N/D

CLO N/D

CMA N/D

CMDA N/D

CMDF

CMDR

CMFI N/D

I=1,3

CMO N/D

CMQ N/D

CNA

CNDA

CNDE

CNDR

CNFI

l:I,]

CNO

CPAYR

CPAZR

NID

N/D

N/D

N/D

FT

FT

(MI

THE ROLLING MOMENT COEFFICIENT DUE TO FLAP

DEE LECTI_N DElhi.

TABLE LOOK-UP _F CLLPT.

THE ROLLI_C MC'MENT DAMP]NC DERIVATIVE

CC_EFFICIFNI DUF T[: THE NCN-DIMEN,CICNAL

THE RCLL]NG MOMENT DAMPING DERIVATIVE

COEFFICIFNT DUE 10 THE NCN-DIMENSI_NAL

YAW PATE.

TABLE LP_K-UP PF CI..CT.

TABLE LOCK-UP CF C_A1 TIMES CMANM.

1HE PITCHING MnMEN_ CPEFFICIENT DUE TO THE

AILERCNt ELEVATOR ADJD Pt_F,D_F DEFLECTIONSt

PFSPEC'I IVELY.

THE PITCHING MPMEN1 COEFFI{ IEN1 DUE TO

FLAP DEFLFCTICN DFLFI.

TABLE LOOK-UP OF CMCT.

THF PITC_I_'C MCMEN3 DAMPINC E,ERIVAIIVE

EPEFFICIEP,_T DUE TC THF NP_-DIME_,':IONAL

PITCH RATE.

1ABLE L[_OK-UP OF CNAT TIMES CNANM.

Tt_E NORMAL FORCE C9,FFFICIENI DUE TO TF,E

AILERCNt ELEVATOR AND RUDDER DEFLECTIONS,

RFSPFCTIVEIY.

TPE NPRMAL Ff_PCE CrEFFICIEN1 DUE TO FLAP

OFF LECT ]_ DFLFI.

TABL_ LO(]K-UP OF CHf_T.

IHF TABLE LPOK--UP PF TABLE CPAYRT.

THE TABLE LCOK-UP C'F TAE_LE CPAZRI.
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q.D, OUTPUT VARIAPLES (CPNTD|

OUTPUT

SYMBOL UNITS DFF INITION

CPNXR

CPNYR

CPYXR

CPYZR

CRRNG

C[

CWB

CWDA

CWDE

CWDR

CWFI

7=1,3

CWO

CWP

CWR

CY_

CYDA

CYDE

CYDR

CYF I

I:I,3

FT

(M)

FT

(M)

FT

(H)

FT

(M)

N.MI.

(KM}

FTISEC

( M/S )

N/D

N/D

N ID

N/D

N/D

N/D

N/D

N/D

N/D

THE TABLE LCCK-UP OF TABLE CPNXRT.

THE TABLE L{'OK-UP r'F TABLE CPNYR1.

THE IABL. E LOOK-UP OF TABLE CPYXRT.

THE TABLE LO_K-UP OF TAPLF CPYZPI.

CROSSRANGE DISTANCE. CALCULATED IF NPC(|2)
=],2,?.

SPEED OF SOtIND. CALCULATED IF NPC(5)=I,2t3.

TABLE LOCK-UP OF CWBT TIMES CWENM°

THE YAWINC MOMENT CDEFFICIENT DUE TO THE

AILERONt ELEVATOR AND RUDDEP DEFLECTIDNSt

PES PFCT ]VFLY.

THE YAWING MOMENT COEFFICIENT Dl,r TO FLAP

DEFLECTION DELFI.

TAeLE LOOK-UP OF CWOT.

THE YAWING _OMENT DAMPING DEF IVATIVE

C(_EFFICIFNT DUE TO THE NC'N-DIMENSIONAL

ROLL RATE.

THE YAWING MOMENT DAMPING DERIVATIVE

COEFFICIENT DUE If! THE NON-DIMENSIONAL

YAW RATE.

TABLE LOOK-UP OF CYPT TIMES CYFNM.

THE SIDE FORCE COFFFICIFNT DUE TO THE

AILERnN, ELEVATOR AND RUDDFP DEFLFCTIONSt

RES PECT IVELY.

THE SIDE FORCE COFFFICIENT DUE TO FLAP

DEE LFCTICN DELFI.



9.D. OUTPUT VARIABLES (CONTD}

PACE 9.D.0.7

OUTPUT

SYMBOL UNITS DEFINITION

CYO

DADMX

DEDMX

DRDMX

DAXB

DAYB

DAZR

DCDV

DCLV

DECLTN

DELA

DELE

DELR

DELAC

DELEC

DELRC

OELAD

DELED

DELRD

DELADC

DELEDC

DELRDC

DFLAZ

DELFT

1=1,3

DENS

NID

DEC_/._ EC

FT

(M)

NID

NID

DFG

DEG

DEG

DEGISFC

DEG/SEC

R AD

DEG

SLUGS/

FT_m3

(KG/M3)

TABLE LOOK-UP OF CYOT.

THF COMPUIED AILERON, F_LFVATCIR AND RLIDDER

MAXIMUM RATES _ASED ON WINCE MPMFNTS.

THE DELTA POSITTf!N VECTOR FROM IHE VEHICLE

CENTER OF GRAVITY I0 IHF ASCENT AUTOPILOT

ACC ELEROMET_R.

DELTA CD DUE TO VI,_COUS FFFFCTS.

IF NPC(8)=4.

CALCULATED

DELTA CL DUE 10 VIFCOUS EFFECTS. CALCULATED

IF NPC(8)=A.

DECLINATION OF THE {_UTC,OING ASYMPTOTE.

CALCULATFD IF NPC(I)=I,2t3.

THF AILERON, ELEVAIf_R AND RUDDER DEFLECTION

ANGLES WIIH PFSPECT TO THE V[HICLF _ODY

AXES.

THE COMMANDED AILERON, ELEV_-IO _' AND RUDDER

DEFLECTION ANGLES FROM THE REFNTRY AUTOPILOT.

THE RATES OF CHANGE IN THE AILERON, ELEVATOR

AND RUDDER CONTROL SUPFACE DEFLECTION ANGLES.

THE COMMANDED AILERON, FLEVATOR AND RUDDER

DEFLECTION ANGLE RATES Fr[_M THF REENTRY

AUTOPILOI,

AZIMUTH ERROR.

THE DEFLECTI[;N ANGLE OF FLAP I. OBTAINED

AS THE TAPLE L_OK-UP OF DFLrIT.

ATMOSPHERIC DENSI)Y. CALCIILAIED IF NPC(5|

=1)2,3.
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q.D OUTPUT VARIABLES. (CeNTD)

OUTPUT

SYMBOL UNITS DEFINITION

DEJ N/D

J=0t3

OEP { I )

DEY(I }

I=l,15

DFVALJ

J=I,2,3

DGENV

DISP

DISR

DISY

DMAS_

DPRNGI

DPRNG2

DRAG

DPAGGC

DRACRP

DSPD

DSYD

DSPINT

DSYINT

DUA

DVA

DWA

RATE OF CHANGE IN THE OUATEPNIONS°

DFG THE PITCH AND YAW DFFLECTI['NS WITH RESPECT

TC THE VEI,ICLE BODY AXFS FO o ENGINE I.

DECIMAL

DEC IMAL

DEG

IHE INSTANTANEOUS VALUE _F IPF CONSTRAINT

VIOLATION SQUARED. CALCULATFD IF NPC(]])=I.

THE GENERALIZED DEPENDENT VARIAELE. THIS

VARIABLE IS CALCULATFD AS THE DIFFERENCE

BETWEEN TWO INPUT TABLES AS FOLLOWS -

DGENV : CENV2T -GENVIT

DISPLACFMFNT CONTRIBUTIOn'S TO II_E AUTDPILOT

PITCH, ROLL AND YAW CPMMANDS.

SLUGSISEC RATE OF CHANGE IN VEHICLE MASS.

(KCIS)

N° MI.

(KM)

THE DOT P_ODLIC'I (N('N-DIRECTIC_IAL} RANGE FROM

THE REFERENCE POINT (SPECIFIED BY LATREF AND

LONREF) TO THE CURRENT VFHIfLF POSITION (GCL

AND LONG).

LBS

(NI

AERODYNAMIC DRAG FORCE.

=It2t3 AND NPC(8)=It2.

CALCULATED IF NPC(5)

FI/SEC_*2 GUIDANCE COMPUTED DRAG ACCELERATION LEVEL.

FT/SEC*W_2 DRAC REFERENCE USED IN CONTROLLER°

N/D THE RATES FOR THE FORWARD Lf_t"P INTFGRATOR

IN PITCH AND YAW F{'R THE ASCENI AUTOPILOT.

NID THE INTEGRALS OF ThE FORWARD LOOP INTEGRATOR

IN PITCH AND YAW FCR IHE ASCENT AUTOPILOT°

FTISEC_2 VEHICLE ACCELERATION COMPONFNTS RELATIVE _O,

(M/S2) THE ATMCSPHERE.
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9.D. OUTPUT VARIAELES (CONTD)

OUTPUT

SYMBOL UNITS DEF INIT ION

DVCIR FTISEC

( MIS )

DWNRNG N.MI.

(KM)

DYNP L B/FT,W_2

(N/M2 )

FJ N/D

J=O,3

ECCAN DEG

ECCEN N/D

ENERGY

FAXB

FAYB

FAZB

FTTXP

FTTYP,

FTTZB

FTXB

FTYB

FTZP

FVALJ

J=lt2,3

GAMAD

C,AMMAA

S EC _,,_2

( M21S2 )

LBS

IN)

LFS

LPS

DECIMAL

D FGISEC

DEC

THE DELTA VELOCITY REQUIRED TO CIRCULARIZE THE

CURRENT ORBIT. CALCULATaD IF NPC(])=I)2t3.

DOWNRANGE DISTANCE. CALCULAIFD IF NPC(121

=1,2,3v4.

DYNAMIC PRESSURE. CALCULAIFD IF NPC(5)=I,2e3.

THE VALUES OF THF QUATER_IONS.

ECCENTRIC ANOMALY. CALCULATED IF NPC(I)=It2t3.

ORBITAL ECCENTRICITY. CALCIILATED IF NPCII)

=1)2,3.

ORBITAL ENERGY. CALCULATED IF NPC(E)=I,2)3.

AERODYNAMIC FORCES IN THE FCDY COORDINATE

SYSTEM. CALCULATED IF NPC(S)=I,2,3 AND NPC|S)

=1)2.

THE TOTAL FORCES. ALONG THE VEHICLE ROLL,

PITCH AND YAW _ODY AXES, RE._PECTIVELY.

THRUST FORCES IN THE BODY COORDINAIE SYSTEM.

CALCULATED IF NPC(?)=],2.

IHE VALUE C,F THE INFOUALITY CONSTRAINT

VIOLATION PARAMETFR (INTFGRAL OF DFVALJ).

RATE OF CHANGE IN THE FLIGHT PATH ANGLE

OF THE VELOCITY VECTOR RELATIVE TO THE

ATMOSPHERE.

FLIGHT PATH ANGLE OF THE VFLOCITY VECTOR

RELATIVE TO IHE ATMOSPHERE. POSIIIVE

WHEN VELA IS ABOVE THE LOCAL HORIZONTAL PLANE.
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9oDe OUTPUT VAPIAPLFS (CPNTD)

(]UTPUT

SYMBOL UNITS DEFINITION

GAMMAT DFG

GAMMAR DEG

GCLAT DEG

CCRAD FT

(M)

GDLAT DEG

GDT SFC

GINTJ

J=l,lO

DECIMAL

_TIME SEC

GVRCJ

J=],1C

CXI

GY I

GZI

HDP

HEATRT

FLIGHT PATH ANGLE OF THE: INERTIAL VELOCITY

VECTOR. POSITIVE WHEN VELI IS ABOVE THE

LOCAL HORIZONTAL PLANE.

FLIGHT PATH ANCLE OF THE VELOCITY VECTOR

RELATIVE TO THE PCJTATINC PLANET. POSITIVE

WHEN VELR IS ABOVF THE LOCAL HORIZONTAL PLANE.

GEOCENTRIC LATITUDE OF THE VEHICLE.

WHEN IN THE NORTHERN HEMISPHERE.

POSITIVE

GFOCEK'TRIC RADIUS TC IHF VEHICLE.

GEODETIC LATITUDE f_F THE VEHICLE.

WHEN IN THE NORTHFRN HEMISPHFRE.

POSITIVE

THE GUIDANCE COMPUTED CYCLE TIME. IF GDT

I_ GREATER THAN ZEROt IT OVERRIDES DTG,.

HMA

HME

HMR

THE VALUE OF THE INTEGRAL Ft"_' THE GENERAL

INTEGRATION VARIABLE .':PFCIFIED BY GDERV{J).

CALCULATED IF NPCI2Z_)=I.

THF lIME AT WHICH THE GUIDANCE WAS LAST

ENTERED.

DECIMAL THE OUTPUT VARIAPLFS ASSOCIATED WITH THE

GENERAL GUIDANCE P_PTIONS.

FT/SEC$'_2 THE GRAVITY ACCELrRATION VECTOR COMPONENTS

(M/S2) ALONC THE XIt YIt AND ZI AXES.

FTISEC THE PROGRAMMED ALTITUDE RATE FROM TABLE HDPT.

PILl/ AERODYNAMIC HEATING

FT*_2-SFC _IPC(15)=I,2,3,A,5.

(W/M2)

RATE. CALCULATED IF

FT-LBS

(N-M)
THE CALCULATED AILERONt ELEVATOR AND

PI3DDER HINGE MOMENTS.
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O.D. OUTPUT VARIABLFS (CONTD)

OUTPUT

SYMBOL UNITS DEFINITION

HMF l

I=1,3

HP

HTUP, B

HTUP _ D

HYPVE L

]BIJ

IP2J

IB._J

J=],3

INC

IXX

IYY

IZZ

IXXD

IYYD

IZZD

IXY

IXZ

IYZ

IXYD

IXZD

IYZD

LAN

LIFT

FT-LBS THE CALCULATFD HINGF MOMENT FOR FLAP ].

( N-M )

FT THE PROGRAMMED ALTITUDE FROM TABLE HPT.

BTU/FT_2 THE S.TAGNATION POINT HEATING FOR TURBIILENT

(J/M2) FLOW. CALCULATFD IF NPC (IS )=4,5.

BTU/ THE DERIVATIVE OF HTURB. CALCULATED IF

F_**2/SEC NPC(IS)=4,5.

(W/M2)

FT/SEC

(M/S)

N ID

HYPERBOLIC EXCFSS VELOCITY.

NPC(1)=Iv2_3.

CALCULATED IF

THE DIRECTION COSINES OF THE VEHICLE ROLLt

P]TCH AND YAW AXES WITH RESPECT TO THE

EARTH--CENTERED INERTIAL CONRDINAIES.

DFG ORBIT INCLINATION ANGLE.

NPC (1)= lt2 t3-

CALCULATED IF

S LtlG-F T 2

( KC--M2 )

THE VEHICLE MOMENTS OF INERTIA ABOUT 1HE

VFHICLE ROLLt PITCH AND YAW AXFS,

RESPECTIVELY.

S L-FT2/S THE RATES OF CHANGE IN THE MOMENTS OF

(KG-M2/S) INERTIA ABOUT THE VEHICLE ROLL, PITCH

AND YAW AXESt RESPFCTIVELY.

SLUG-FT2 THE VEHICLE PRODUCTS OF INERTIA.

(KG-M2 )

SL-FT2/S THE RATES OF CHANGE IN THE VEHICLE PRODUCTS

(KG-M2/S) OF INERTIA.

DEG

LBS

IN)

LONGITUDE OF THE ASCENDING NODE EAST OF THE

PRIME MERIDIAN AT TIME=O. CALCULATED IF

NPC (1 |=1_2,3.

AERODYNAMIC LIFT FORCF.

=It2,3 AND NPC(B)=I,2.

CALCULATED IF NPC(5)
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9.De OUTPUT VARIABLES (CONTO)

OUTPUT

SYMI_OL UNITS DEF INIT ION

LOD] N/D

LONG DEG

LONGI DEG

HACH

MACHDT

MASS

MEAAN

PACCER
YACCER

PERIOD

PGCLAT

PGERAD

PGL ON

PGVEL

PJETTS

PLDRL

YLDRL

PND

QND

RND

DESIRED VERTICAL L/D.

LONGITUDE OF THE VEHICLE MFA_URED EAST OF

THE PRIME MERIDIAN.

INERTIAL LONGITUDE OF THE VEHICLE MEASURED EAST

OF THE XI AXIS.

N/D MACE NUMBER. CALCULATED IF NPC(5|=I,2_3o

1/SFC RATE OF CHANGE OF MACH WITH RESPECT TO TIME.

SLUGS
(KG)

VEHICLE MASS.

DEC- MEAN ANOMALY. CALCULATED IF NPC(I)=I,2t3.

FT/SEC_,*2 THE PITCH AND YAW ACCELERATION ERRORS FOR

(M-S2) THE ASCENT AUTOPILOTo

MIN ORBITAL PERIO0. CALCULATED IF NPCII)=ll, 2,3.

DEG GEOCENTRIC LATITUDE OF PERIGEE. CALCULATED

IF NPCII|=I,2t3. POSITIVE IN THE NORTHERN
HEMISPHERE.

FT

(M)

DEG

GEOCENTRIC RADIUS OF PERIGEE. CALCULATED

IF NPC( I )=lt2t3.

INERTIAL LONGITUDE OF PERIGEE MEASURED POSITIVE

EAST OF THE XI AXIS. CALCULATED IF NPCI1]'
=1,2,3.

FT/SEC

(M/S)

INERTIAL VELOCITY AT PERIGEE. CALCULATED IF

NPC (1)=1,2t3.

LBS

IN)

THE PROPELLANT WEIGHT TO BF JETTISONED.

CALCULATED INTERNALLY BY THE PROGRAM BASED ON

THE VALUE OF NPC(]3).

DFG LOAD RELIEF CONTRIBUTIONS TO THE AUTOPILOT
PITCH AND YAW COMMANDS.

N/D THE NON--0IMENSIONAL VEHICLE ROLL, PITCH AND
YAH RATES ABOUT THE VEHICLE BODY AXES. THESE

RATES ARE USED AS TABLE MULTIPLIERS FOR THE

AERODYNAMIC DAMPING DERIVATIVE COEFFICIENTS.
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OUTPUT VARIABLES (CONTD)

OUTPUT

SYMPOL UNITS DEFINIIION

PRES

PWDOT

PWPROP

OALPHA

OALTOT

RBDC

PBDC

YBDC

RATP
RATR

RATY

RDTREF
REYNO

RCSFXB

RCSFYB

RCSFZB

RCSMXB

RCSMYB

RCSMZB

RK2ROL

LB/FT**2

(N/M2)

LB/SEC

IN/S|

LB

IN)

LB-DEG/

FT*_2

(N-DEG/

M2|

LB-DEGI

FTIW_,2

( N-D EGI

M2)

DE(:/SEC

DEG

FT/SEC

N/D

LBS

(N)

FT-LBS

(N-_)

N/D

ATMOSPHERIC PRESSURE. CALCULATED IF NPC(5)

=1•2,3.

THE FLOWRATE RFSULTING FROM THE SUMMATION OF

INDIVIDUAL FLOWRATES OF THE ENGINES INCLUDED

IN THE SPECIAL FLOWRATE INIFC_RATION OPTION.

ACTIVATED BY NPC(27) = I• AND IWPF(1) = I.

THE PROPELLANT CONSUMED BY THE SPECIFIED

ENGINES FOR THE SPECIAL FLC_WRATE INTEGRATION

OPTION. ACTIVATED BY NPC(27) = I• AND

IWPFII) = I.

PRODUCT OF DYNAMIC PRESSURE AND ANGLE OF
ATTACK. USED AS AN AIRLOADS INDICATOR IN

THE PITCH PLANE.

PRODUCT OF DYNAMIC PRESSURE AND THE TOTAL

ANGLE OF ATTACK. USED AS AN AIRLOADS

IND IC ATOR.

THE ROLL• PITCH AND YAW BODY RATE COMMANDS

FOR THE ASCENT AUTOPILOT RATE ERROR

FEEDBACK LOOP.

RATE CON11_IBUTIONS TO THE AUTOPILOT PITCH,

ROLL AND YAW-COMMANDS.

ALTITUDE RATE REFERENCE.
REYNOLDS NUMBER BASED ON THE REFERENCE LENGTH

LREF. CALCULATED IF NPC|5)=It2tJ.

THE FORCES ALONG THE VEHICLE ROLL, PITCH

AND YAW BODY AXES DUE TO THE REACTION

CONTROL SYSTEM (RCS) JETS.

1HE MOMENTS ABOUT THE VEHICLE ROLL, PITCH

AND YAM BODY AXES DUE TO THF REACTION

CONTROL SYSTEM (RCS| JETS.

ROLL DIRECTION INDICATOR FLAG.

= +It ROLL RIGHT.

=-It ROLL LEFT.
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Q.D. OUTPUT VARIABLES (CONTD)

OUTPUT

SYMBOL UNITS DEFINITION

ROLAC

PITAC

YAWAC

ROL.B

PITB

YAWF

ROLBC

PITBC

YAWBC

ROLBD

PITBD

YAWED

ROLBDC

PITBDC

YAWBDC

ROLBDD

PITBDD

YAWBDD

ROLBDR

PITBDR

YAWBDR

ROLBER

PITBER

YAWBER

ROLI

YAW I

PITT

ROLID

YAWID

PITID

DFG

DEC

DEG

DEG/SEC

DEG/SEC

DEGIS_2

RAD/SEC

DEG

DEG

D FG/SEC

ROLL9 PITCHt AND YAW AUTOPILOT COMMANDS.

THE INTEGRATED VEHICLE BODY RATES ABOUT

THE VEHICLE ROLL t PITCH AND YAW AXES.

THE COMMANDED ROLL, PITCH AND YAW BODY

ANGLES. CALCULATED IF IGUIDII6):].

VEHICLE BODY RATES WITH RESPECT TO THE

LAUNCH PAD INERTIAL (L) COORDINATE SYSTEM.

THE COMMANDED ROLL, PITCH AND YAW BODY
RATES. CALCULATED IF IGUID(Ib):I.

VEHICLE ROLL, PITCH AND YAW ANGULAR

ACCELERATIONS.

THE ANGULAR RATES OF THE VEHICLE ABOUT

THE ROLLt PITCH AND YAW BODY AXES.

THE ATTIllJDE ERRORS ABOUT THE VEHICLE ROLL,

PITCH AND YAW BODY AXES.

INERTIAL VEHICLE ATTITUDE ANGLES MEASURED WITH

RESPECT TO THE LAUNCH PAD INERTIAL (L) COORD-

INATE SYSTEM. AT LAUNCH, ALL THREE ANGLES ARE

ZERO WHEN THE VEHICLE IS VERTICALt I.E., WHEN

XB IS IN THE RADIAL (OR LOCAL VERTICAL)

DIRECTIONt ZB IS ALONG THE AZIMUTH SPECIFIED mY

AZL, AND YB COMPLETES A RIGHT-HAND SYSTEM.

THE INERTIAL EULER RATES WITH RESPECT TO THE
LAUNCH CENTERED ILl INERTIAL COORDINATE SYSTEM.
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OUTPUT VARIABLES (CONTD)

OUTPUT

SYMBOL UNITS DEFINITION

ROLIER

YAWIER

PITIER

ROLIGC

YAWIGC

PITIGC

ROLN

PITN

YAWN

ROLP

PITP

YAWP

ROLRER

DEG

DEG

O FC IMAL

DECIMAL

DEG

THE INERTIAL ROLLt YAW AND PITCH ATTITUDE

ERRORS. CALCULATED IF IGUIDII6)=2.

THE COMMANDED ROLLt YAW AND PITCH INERTIAL

EULER ANGLES. CALCULATED IF IGUIDIIb)=2.

THE NUMBER OF NEGATIVE ROLL t PIICH AND YAW

JETS ON IN THE REENTRY AUTOPILOT.

THE NUMBER OF POSITIVE ROLL t PITCH AND YAW

JETS ON IN THE REENTRY AUTOPILOT.

THE RELATIVE ROLL ANGLE ERROR (COMMANDED -

ACTUAL).

ROLRGC

RRATER

PRATER

YRATER

RS

RSO

RTASC

SEMJAX

SLECT

SPECVJ

J=lt9

DEG

DEGISEC

FT

(M)

FT

(M)

DEG

FT

(M)

N/D

DECIMAL

THE RELATIVE ROLL ANGLE GUIDANCE COMMAND.

THE ROLLt PITCH AND YAW RATE ERRORS FOR

THE ASCENT AUTOPILOT.

RADIUS TO THE SURFACE OF THE OBLATE PLANET.

USED TO COMPUTE ALTITO AND IN THE RANGE

CALCULATIONS IF NPC(12)=It2_3.

RADIUS TO THE SURFACE OF THE OBLATE AT THE

LATITUDE SPECIFIED BY LATREF. USED IN THE

RANGE CALCULATIONS IF NPCII2|=|_2t3.

RIGHT ASCENSION OF THE OUTGOING ASYMPTOTE.

CALCULATED IF NPC|II=lt2t3.

SEMI--MAJOR AXIS, CALCULATED IF NPC(l)=It2t3-

PRINTOUT VALUE OF ISLECT.

THE OUTPUT VARIABLES ASSOCIATED WITH THE

SPECIAL CALCULATIONS ROUTINE (CALSPEC).
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O.D. OUTPUT VARIABLES (CONTD)

OUTPUT

SYMBOL UNIIS DEFINITION

TDUR P S EC

THRJ LBS

J=]., I5 (N)

THRUST LBS

IN)

TIME SFC

TIMEA SEC

11M EG S EC

TIMES SEC

TIMRFJ SFC

J=l,_

TIMSP MIN

TIMTP MIN

TLHEAT

TMXB

TMYB

TMZB

TONT

TRANGF

THE TIME SINCE THE OCCURRENCE OF THE LAST

PRIMARY EVENT.

VALUE OF NET THRUST FOR ENGINE J.

CALCULATED IF NPC(q|=It2.

NET THRUST (VACUUM THRUST CORRECTED FOR

ATMOSPHERIC BACKPRESSURE EFFECTS). CALCULATED

IF NPClgIzI)2.

CURRENT TRAJECTORY (PROBLEM) TIME.

THE TIME AT WHICH THE AUTOPILOT IS TO BE
REENTERED.

THF TIME AT WHICH THE GUIDANCE IS TO BE

REENTERED.

THE TIME SINCE THE BEGINNING OF THE CURRENT
PHASE.

REFERENCE TIMES. THESE WILL BE CALCULATED

IF THE DERIVATIVES {DTIMRIJ ),J=],4l ARE

INPUT GREATER THAN ZERO.

TIME SINCE PERIGEE PASSAGE.

NPC (I)=I)2 )3.

CALCULATED IF

TIME TO PERIGEE PASSAGE.

NPC (|)=1)2)3.
CALCULATED IF

BIU/FT_'*2 TOTAL HEAT. CALCULATED IF NPC(I5)=I,Zt3t4_,5
( JIM2 )

FT-LBS THE TOTAL THRUST MOMENTS ABOUT THE VEHICLE

(N-M) ROLL) PITCH AND YAW BODY AXES.

SEC

N .MI.

THE TOTAL ON TIME OF ALL JETS IN THE

REENTRY AUTOPILOT .

RELATIVE GREAT CIRCLE RANGE TO TARGET.

TROLN

TPITN

TYAWN

S EC THE TOTAL ON TIME OF THE NEGATIVE ROLL,
PITCH AND YAW JETS IN THF REFNTRY

AUTOPILOT.
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UNITS DEE INIT ION

TROLP

"IPITP

TYAWP

TRUAN

TRUNM X

TTMXB

TTMYB

TIMZB

TVAC

SEC

DEG

D EG

FT-LBS

(N-M)

LBS

(Nt

THE TOTAL ON TIME OF THE POSITIVE ROLLt

PITCH AND YAW JETS IN THF REENTRY

AUTDPILOT.

TRUE ANOMALY. CALCULATED IF NPC(I)=I_2,3.

MAXIMUM TRUE ANOMALY FflR HYPERBOLIC ORBITS.

CALCULATED IF NPCI])=I,2,3.

THE TOTAL MOMENTS ABOUT THF VEHICLE ROLL,

PITCH AND YAW BODY AXES.

VACUUM THRUST. CALCULATED IF NPc(g)=I.

U

V

W

UA

VA

WA

UB

VB

WB

UR

VR

WP

UW

VW

WW

VELA

VELAD

FT/SEC
(M/S)

VEHICLE INERTIAL VELOCITY COMPONENTS IN THE

GEOGRAPHIC (G) COORDINATE SYSTEM.

FT/SEC

(M/S)

COMPONENTS OF VEHICLE VELOCITY RELATIVE TO THE
ATMOSPHERE IN THE GEOGRAPHIC (G) COORDINATE

SYSTEM.

FT/SEC

(M/S)

FT/SEC

(M/S)

COMPONENTS OF VEHICLE VELOCIIY RELATIVE TO THE

ATMOSPHERE IN THE BODY SYSTEM.

COMPONENTS OF VEHICLE VELOCITY RELATIVE TO THE
ROTATING PLANET IN THE GEOGRAPHIC (G) COORD-

INATE SYSTEM.

FT/SEC

(M/S)

COMPONENTS OF THE WIND VELOCITY VECTOR IN THE

GEOGRAPHIC (G) COORDINATE SYSTEM IN THE NORTH,

EASTt AND DOWN DIRECTIONS, RESPECTIVELY.
CALCULATED IF NPC(6)=_92.

FT/SEC

(M/S|

VEHICLE VELOCITY RELATIVE TO THE ATMOSPHERE.

FT/SEC**2 RATE OF CHANGE IN VEHICLE VELOCITY RELATIVE

(M/S) TO THE ATMOSPHERE.
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9.D. OUTPUT VARIABLES (CONTD)

OUTPUT

SYMBOL UNITS DEF INITION

VELI FT/SEC

(M/S )

VELR FT/SEC

(M/S)

VINV NID

VMU

VXl

VY!

VZI

WDJ

J=I,I5

WDOT

WDOTJ

WEICON

WEIGHT

WJETTM

WPROP

XCG

YCG

ZCG

LP-SEC/

F TWW_2

(NS/M2}

FT/SFC

(M/S)

LB/SEC

(N/S)

LBISEC

(N/S)

LBS/SEC

(N/SEC)

LBS

(N)

LBS

IN)

LBS

(N)

LBS

(N)

FT

(M!

INERTIAL VEHICLE VELOCITY.

VEHICLE VELOCITY RFLATIVF TO THE ROTATING

PLANET.

RAREFATION PARAMETER USED TO COMPUTE

VISCOUS EFFECTS.

ATMOSPHERIC VISCOSITY. USED TO CALCULATE

REYNOLDS NUMBER. CALCULATED IF NPC(5)=I,2t3.

COMPONENTS OF THE INERTIAL VEHICLE VELOCITY

VFCTOR IN THE EARTH-CENTERED INERTIAL (I)

C(!ORDINATF SYSTEM.

TABLE LOOK-UP VALUE OF FLOWRATE FOR ENGINE J.

CALCULATED IF NPCig)=I,2.

TOTAL WEIGHT FLOWRATE.

THE PROPELLANT FLOWRATE OF THE RCS JETS.

THE AMOUNT OF PROPELLANT CONSUMED SINCE I1

WAS ZEROED OUT BY INPUT.

CURRENT VEHICLE WEIGHT.

THE JETTISON WEIGHT CALCULATED INTERNALLY BY

THE PROGRAM BASED ON THE VALUE OF NPCI1T|.

WEIGHT OF THE REMAINING PROPELLANT.

VEHICLE CENTER-OF-GRAVITY LOCATION ALONG THE

XBR, YBR, AND ZBR AXES, RESPECTIVELY.
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OUTPUT

SYMBOL UNITS DEF INITION

XI

YI

ZI

XMAXJ

J=l,lO

XMINJ

J=],]O

XREF

YP,FF

ZREF

YAWR

PITR

ROLR

YAWRD

PITRD

ROLRD

YXMNJ

J=l,lO

YXMXJ

J=l,IO

FT

(M)

DECIMAL

DECIMAL

F'I

(M)

DEG

DEGISEC

DECIMAL

DECIMAL

COMPONENTS OF THE VEHICLE POSITION VECIOR IN

THE EARTH-CENTERED INERTIAL (I) COORDINATE

SYSIEM.

THE MAXIMUM VALUE OF MONXIJ).

THE MINIMUM VALUE OF MONX(J).

THE AERODYNAMIC REFERENCE-. LOCA'IION ALONG

THE XBR_ YBRt AND ZBR AXESt RESPECTIVELY.

VEHICLE ATTITUDE ANGLES RELATIVE TO THE LOCAL

GEOGRAPHIC iGI SYSTEM. YAWR IS THE AZIMUTH OF

THE XB AXIS MEASURED CLOCKWISE FROM NORTHt PITR

IS THE PITCH ANGLE MEASURED POSITIVE ABOVE

THE LOCAL HORIZONTAL PLANEt AND ROLR IS THE

BANK ANGLE ABOUT THE XB AXIS MEASURED POSITIVE

IN THE RIGHT-HAND SENSE.

THF RELATIVE EULER RATES WITH RESPECT TO THE

GEOGRAPHIC (G) COORDINATE SYSTEM.

THE VALUE OF MONY(J) AT XMINJ.

THE VALUE OF MONYIJ) AT XMAXJ.
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I0. INDICES

THIS SECTION PRESENTS A SUBJECT INDEX AND A VARIABLE INDEX

AS AN AIDE TO THE USER IN LOCATING PROGRAM INPUT AND OUTPUT

VARIABLES.

THE SUBJECT INDEX CONTAINS A LIST OF COMMONLY USED TRAJECT-

ORY PARAMETERS• THE VARIABLE NAME CORRESPONDING TO A GIVEN

PARAMETER IS PRESENTED ACCORDING TO GENERALLY ACCEPTED DEFINITIONS.

THE VARIABLE INDEX CONTAINS A LIST OF ALL INPUI AND DUIPUT
VARIABLES AND THE SECTION NUMBER WHERE THE VARIABLE IS DEFINED

OR DISCU%SED•

THE USE OF THESE INDICES IS OUTLINED AS FOLLOWS -

I • LOCATF 1HE DEFINITION OF THE DESIRED PARAMETER IN THE

SUBJECT INDEX•

To LOOK UP THE VARIABLES ASSOCIATED WITH THE DESIRED

PARAMETER IN THE VARIABLE INDEX TO DETERMINE THE

SECTIONS IN WHICH THE VARIABLES ARE DEFINED,,

. LOOK UP THE VARIABLE DEFINITIONS IN THE INDICATED

SECTIONS.
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PAGE IO.A.O.I

ACCELERATION

ASM

ASZI

AYI

AERODYNAMIC

CA

CN

ASMG

AXB
AZI

ASMAX

AYB

GXI

COEFFICIENTS

CD CL

CW CY

AERODYNAMIC FORCES

DRAG FAXB

AERDDYNAMIC MOMENTS

AMXB AMYB

AERODYNAMIC REFERENCES

DREFP OREFR

XREF XREFT

ZREFT

AIRLPADS INDICTOR

OALPHA QALTOT

ALGORITHMS

5EF EEARCH ALGORITHMS

ALTITO
ALTITUDE

ALTA

ALTREF

ANGLE OF ATTACK

ALPHA ALPTOT

ANGLF OF SIDESLIP

BETA

ANGULAR MOMENTUM

A NG MOM

ANGULAR RATES

SEE ATTITUDE RATES

FAYB

AMZB

DREFY

YPEF

ALTMAX

DALPHA

ASXI

AZB
GYI

CLL

FAZB

LREF

YREFT

ALTMIN

ASYI

AXI

GZI

CM

LIFT

SREF

ZREF

A LTP
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]O.A. SUBJFCT INDEX (CONTD)

C t_

APOGEE

ALTA APORAD

ARGUMENT OF PERIGEE

A RGP

ATMOSPNER IC DENSITY
DENS

ATMOSPHERIC TEMPERATURE

ATEM

ATTITUDE ANGLES

ALPHA BETA BNKANG ROLI

P IT I YAWR ROLR PITR

ATTITUDE RATES

ALPDOT
YAWBD

YAWI

AZ INU'/H ANGLES

AZVAD

AZREF

BETDOT BNKDOT ROLBD PIIBD

BANK ANGLE

B NKANG

BODY

AZVELA AZVELI
AZWB

ACCELERATIONS

ROLBDD PITBDD

BODY R ATES

ROLBD PITBD

BURN T IME

TIMES 1DURP

YAWBDD

YAWBD

TIMRFJ

YCG

AZVELR

YCGT

CENTER OF GRAVITY

X CG XCG T

ZCGT

AZL

ZCG
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]O.A° SUBJECT INDEX (CONID)

D

CONSTR AINTS

SEE DEPENDENT VARIABLES

CONTROL PAEAME'IERS

I NDVR U

CC'tNVER GENC E TOLERANCES

C L'_IEP S CONSEX DEPTL

CONVERSION FACTORS

CDEN$ CFORCE CHEAT

C PRES CTE MP FTPNM

CROSSR ANGE

CRRNG

DECLINATION OF OUTGOING ASYMPTOTE

DECLIN

DENS IT Y

DENS

DEPENDENT PHASE

DEPPH

DEPENDENT TOLERANCES

DEPTL

DEPFND ENT VARIABLE

DEPVR

DOWNRANGE

DPRNGI DPRNGE DWNRNG

DRAG FORCE

DRAG

DYNAMIC PRESSURE

DYNP

T{IML

CMASS

GO

FITERR

CMPFT
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10.A. SUBJECT INDEX (CONTD)

G

ECCENTRICITY

ECCEN

ECCENTRIC ANOMALY

ECCAN

FNERGY

ENERGY

ENGINE GIMBAL LOCATION
GXP GYP

EVENT CRITERIA

C_ITP

EVENT SEQUENCE NUMBER

DEPPH ESN

OPTPH

EXIT AREA

AEIT

FLAP DEFLECTION ANGLE

DELA DELE

FLIGHT PATH ANGLE
GAMAD GAM MAA

GZP

EVENT

DELR

GAMMAI

FLOWRATE

DMASS PWDOT WDOT

GIMBAL PDIN1 LOCATION

SEE ENGINE GIMBAL

GRADIENTS

GI GIMAG

LOCATION

G2

FESN

DELFI

GAHM AR

G2MAG

INDPH
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H N

I De

j _

GRAVITATIONAL PARAMETERS

J2 J3

RP

J4 MU RE

HEADING ANGLES

SFE AZIMUTH ANGLES

HEATING INTEGRAL

HTURB TLHEAT

HEATING RATE

HEATRT HTURBD

HYPERBOLIC EXCESS VELOCITY

HYPVEL

INCIDENCE ANGLES
SEE THRUST VECTOR INCIDENCE ANGLES

INCLINATION ANGLE

INC

INEQUALITY CONSIRA INTS

FVALJ XMAXJ XMINJ

INDEPENDENT VARIABLE

INDVR

INTEGRATION INTERVAL

DT DTA DTG

YXMXJ

JETTISON WEIGHT

PJETTS WJETT WJETTM

YXNNJ
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IO.A.
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SUBJECT INDEX ICONTD)

M

N

0

LATITUDE

GCL AT GDL AT LATL LAIR EF

LIFT FORCE

LIFT

LONGITUDE

LONG

LONGITUDE OF

LAN

LONGI LONL

THE ASCENDING NODE

MACH NUMBER

MACH

MASS

MASS

MEAN ANOMALY

MFAAN

MOMENTS OF INERTIA

IXX IXXT IXY

IXZT IYY IYYT

TlZ IZZT

NOSE RADIUS

RN

ONE DIMENSIONAL MINIMIZATION

PITRY P2TRY GAMAST

OPTIMIZATION OPTIONS

O PT SRC H M

LONREF

IXYT

IYZ

Y PR E D

PGCLAT

IX7

IYZT
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10.A. SUBJECT INDEX (CONTD)

P

OPTIMI ZATION VARIABLE

OPTVAR

OUTPUT VARIABLF REQUESTS

PRNT

PENALTY FUNCIICNS

PI P2

PERIGEE

ALTP PGCLAT

PER I_D

PERIOD

PHA_E

DEPPH DESN

INDPH OPTPH

PITCH ANGLE
ALPHA PITI

POSITION VECTOR

XI YI

PRESSURE

PRES PSL

PRIN1 INTERVAL

P INC PRNC

PRINT REQUESTS

P RNT

PROGRAM CONTROL FLAGS

NPC

PROJECTED GRADIENT

C THA PGI

PROPELLANT WEIGHT

PWPROP WEICON

PGERAD

ESN

PITR

ZI

PG|MAG

WPROP

PGLON

EVENT

PG2

WPROPI

FESN

P GZM AG
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IO.A. SUBJECT INDEX fCONTD)
-"2 _" "" _ ." _ _

R

RADIUS

APORAD GCRAD PGERAD RE
RS RSO

P ANC- E CALCULATIONS

CRRNG DPR NG1 DPRNG2 D_IRNG

REYNOLDS NUMBER

R EYNO

REFERENCE AREA

SREF

REFERENCE LENGTH

OREFP DRE FR DREFY LREF

RIGHT ASCENSION OF OUTGOING ASYMPTOTE
R TA SC

ROLL ANGLE

BNKANG ROL I ROLR

ROTATION RATE

OMEGA

SEARCH ALGORITHMS

S RCHM

SEMI--MAJOR AXIS

SEMJAX

SENSITIVITY MATRIX

SMAT

SIDESLIP ANGLE

SEE ANGLE OF SIDESLIP

SPECIFIC FUEL CONSUMPTION

WDIT WDOT

RP
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m_

INDEX (CONTD|

SPECIFIC IMPULSE

ISPV TTLISP

SPE_D OF SOUND

CS

STEERING OPTIONS

IGUID

STEOSIZE CONTRC__

PCTCC GAMAST GAMAX

STOPPING PARAMEIER S

CRITR

TARGFT ERRORS

E WE

TARGET VARIABLES

DEPVR

TEMPFRATURE

ATFM TSL

THROTTLING PARAMETER

ETA

THRUS'I

THRUST TVAC

THRUST APPLICATION POINT

GXP GYP

THRUST FORCES

FTXB FTYB

THRUST MOMENTS

TMXB TMYB TMZB

THRUST VECTOR DEFLECIION ANGLES

DEPJ DEYJ

TVCIT

GZP

FTZB
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]O°A. SUBJECT INDEX (CONTD)

.,,t-

V

W

Y

TIME RFFERENCES

TDtlRP TIME

TIMTP

TRUF ANOMALY

1RUAN

VELOCITY

APVEL DVC IR

VELI VELR

VZI

VISCOSITY

VMU

TIMES

DVELA

VIDEAL

TIMRFJ

PGVEL

VII

TIMSP

VELA

VYI

YAW ANGLE
BETA

WIND VELOCITY

UW VW WW

YAWRYAWI

WIND AZIMUTH

AZWB AZWT

VWT

WEIGHTING CONSTANTS

WU

WE IGHI

PJETT. _ PWPROP WEICON WEIGHT WGTSG

WJFTT WJE TIM WPLO WPROP WPROPI



PAGE IO.B.O.1

IO.B. INDEX OF VARIABLES

VARIABLF TYPE/NAN ELI ST ROUTINE SECTION

AAFFP (I) INPUT/GENDAT AUTP] 6.F .|

AAFFY (I) I NPUT/GENOAT AUTP1 6.F.1
ACCELP _UTPUT AUTPI 6,,F.I

ACCELY OUTPUT AUTP1 b.F.l

AOT OUTPUT AUTOP M 0. F

AF_IT INPUT/TAB PROP 6°A.18
AEJ OUTPUT PROP 6.A.le

AEXP INPUT/GFNDAT AER04 b.A. 1

AFFP I NPUT/GE NDAT AUTPI b.F .l

AFFY I NPUT/GENDAT AUTPI O.Fol

ALDRfF OUTPUT GGUID2 &.R.3

ALPFR I OUTPlfr BLKDAT 6.F °2

ALPERR OUTPUT AUTP2 6.F.2

ALPGC OUTPUT GGUID2 _.B.3

ALPHA I NPUT/GENDAT IBMTX I b°A .|

MOTION ,9.D

ALPHI OUTPUT AUXFM 6.E .3

ALTA I NPUT/GENDAT ORBTR 6.A.5

CONIC t9.D

ALTITO INPUT/GENOAT MOTIAL 6.A.12

MOTION

ALTMAX INPUT/GENDAT PHZXM 6.A.6

ALTMIN INPUT/GENDAT PHZXM 6.A.6

ALTP I NPUT/GENDAT ORBTR 6.A.5

CONIC ,9.D
AMXB OUTPUT AE RO b. A. l

AMYB OUTPUT AE RO 6. A. l

AMZ B OUTPUT AE RO 6. A. 1

ANGAP OUTPUT AUTP] 6.F.I

ANGAY OUTPUT AUTPI b.F, 1

ANGMOM OUTPUT CONIC 6.A .5

APORAO OUTPUT CONIC 6.A.5

APPLIM INPUT/GE NDAT AUTPI 6.F.I

APRLIM I NPUT/GENDAT AUTPI 6.F.I

APVEL OUTPUT CONIC 6.A.5

APYLIM I NPUT/GENDAT AUTP| 6.F.I

AREFL INPUT/GENDAT HINGEM 6.F.2
ARGP I NPUT/GFNDAT ORBTR 6.A.5

CONIC tg.D
ARGV OUTPUT CONIC 6.A°5

ARP(I ) INPUT/GENDAT HSWGT b.A.2

ASFFP I NPUT/GENOAT AUTPI 6.F.I

ASFFY INPUT/GENDAT AUTPI &.F.I

ASM OUTPUT TMOTM 9.D

ASMG OUTPUT AUXFM 9.0

,9. B

,9°B

,9.D

,q.D

,9.0

,9.C

,9.0

,9.B

,9. B

,9.B

tg.D
,9°0

,9.D

,9. D

,b.B

,9.D

,6.A.12

,9.B

,9.B

,9.B

,b.A.12

t9.D

,9.0

,9.D

,9.0

Ig.D
,9°0

,9.0

,9.B

,9.B

,9.0

,9. B

,9.B

,6.A.12

,9. D

tg. B

,9°B

,9°B

t9.B

,9°B

,9.D

tg.B

,9°B
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VARIAE_LE TYPE/NAMELIST ROUTINE SECTION

ASXI OUTPUT TMOTM 9.D

ASYI OUTPUT TMOTM 9.D

ASZI OUTPUT TMOTM 9.D

ATFM OUTPUI ATMOSI 6.A.4

ATMOS2

ATMOS3

ATEMT INPUT/TAB ATMOS 1 6.A.4
ATIME I NPUT/GENDAT AUTOPM 6°F

ATMOSK( I ) INPUT/GENDAT ATMOS| 6°A.4

AX_ OUTPUT TMOTM 9°D

AXE_M OUTPUT AUTP| 6°F.|
AX I OUTPUT TMOTM 9.D

AXRB I NPUT/GE NDAT AUTPI 6.F.I

AYB OUTPUT TMOTM 9 ,,0
AYBC OUTPUT AUTP| 6.Fo|

AYBCT ] NPUT/TAE_ AUTP] 6oF ° |

AYBM OUTPUT AUTP1 6oFo]
AYI OUTPUT TMOTM O.D

AYRB I NPUT/GENDAT AUTPI &°F. |

AZB OUTPUT TMOTM 9°D

AZBC OUTPUT AUTP| 6.F.|

AZE_CT INPUT/TAB AUTPI 6.F .1

AZBM OUTPUT AUTP1 6°F°I

AZI OUTPUT TMOTM 9.0

AZL I NPUT/GENDAT MOTIAL 6°B

AZRB I NPUT/GE NDAT AUTP1 O.F °1

AZREF I NPUT/GENDAT AUXFMI 6.A.19
XRNGEI

AZVAD OUTPUT DGAMLA 9°D

AZVELA I NPUT/GE NDAT MOTIAL 6°A°|2

GAMLAM

AZVELI I NPUT/GENOAT MOTIAL 6,Ao]2

AUXFM

AZVELR INPUT/GENDAT MOTIAL 6'A°|2

AUXFH

AZWB I NPUT/GENDAT WINDS 6°A.4

AZWT INPUT/TAB WINDS 6°A.&

BETA I NPUT/GENDAT IBMTX I 6°B
MOTION

BETAI OUTPUT AUXFM 6.E .3

BNKANG I NPUT/GENDAT IBMTX I 6.B
AUXFM

BANK I OUTPUT AUXFM 6 • E • 3
CA OUTPUT AERO 6°A°I

CAA OUTPUT AERO 6°A°|

CADA OUTPUT AERO 6°A.I

,9.0

t9. C

v9.B

t9.B

,9.0

.9. B

,9. D

,9.C

tq.D

.9. B

tg.D

,9oC

_9. D

t9eB
.9.B

,9. B

tg.B

tg.B

,9oB

,9.B

tg.C

w9°B

,9.D

t9eB

,9.D

,9.D

_9°0
,9.D

,9°D

,9.D

tg.D

,8.D

,9 o0
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VARIABLE TYPE/NAMELIST ROUTINE SECTION

CADANN INPUTITBLMLT AERO 6.A.1

CADAT INPUT/TAB AERO 6.A.|

CADE PUTPUT AERO 6.A.]

CADENM INPUT/TBLMLT AERO b°A.I

CADET INPUT/TAB AERO 6.A.1

CADR OUTPUT AERO b.A.I

CADRNM INPUT/TBLMLT AERO 6°A.1

CADRT INPUT/TAB AERO 6°A°l

CAFJ OUTPUT AERO 6°A°]
CAFJN INPUT/TBLMLT AERO 6oA.|

CAFJ] INPUT/TAB AER_ 6°A.I

CANM INPUT/TBLMLT AERO 6°C

CAO OUIPUT AERO 6.A.|
CAIOT INPUT/TAB AER04 6.A.I

CAOT INPUT/TAB AERO b°A.I

CAT INPUT/TAB AERO 6.A.I

CD OUTPUT AERO 6.A.]

CDA OUTPUT AERO 6.A.I

CDDA OUTPIlT AERO 6.A°]
CDDANM INPUT/TBLMLT AERO 6°A°]

CDDAT INPUT/TAB AERO 6°A.1

CDDE OUTPUT AERO 6.A.I

CDDENM INPUT/TBLMLT AERO 6.A.]

CDDET INPUT/TAB AERO 6°A°l

CDDR OUTPUT AERO 6°A°I

CDDRNM INPUT/TBLMLT AERO 6°A°I

CDDRT INPUT/TAB AERO 6°A.I
CDENS INPUT/SEARCH CONVO 4.A

CDFJ OUTPUT AERO 6.A.I

CDFJN INPUT/TBLMLT AERO 6.A°I

CDFJT INPUT/TAB AERO 6.A°1

CDNM INPUT/TBLMLT AERO 6.C

CDO OUTPUT AERO 6°A.|

CDOT INPUT/TAB AERO 6.A°I

CDT INPUT/TAB AERO 6°A.1

CFORCE INPUT/SEARCH CONVO 4.A

CHA OUTPUT HINGEM 6.F°2

CHAT INPUT/TAB HINGEM 6.F.2

CHE _UTPUT HINGEM 6.F°2
CHEAT INPUT/SEARCH CONVO 4°A

CHET INPUT/TAB HINGEM 6.F°2

CHFJ OUTPUT HINGEM 6.F.2

CHFJT INPUT/TAB HINGEM 6.F.2

CHR OUTPUT HINGEM 6.F°2

CHR1 INPUT/TAB HINGEM 6.F°2

CINF INPUT/GENDAT AER04 6°A°l

,6.C

,9. C

,9.D

t6.C

,9.C

,9.0
,6.C

,9.C

t9. D

,6.C

,9.C

,9.D

,9. C

,9.C
,9.C

,9.0

,9.D

,9.D

,6. C

,9.C

t9.0

,6.C

,9.C

,9°0

,6°C

,9.C
tg.A

tg°D
,6.C

,9. C

,9°D

,9.C

,9.C

egeA

,9°D

,9.C

,9.0

tgeA
,9. C

tg. D

,9.C

tg.D

,9. C

,9.B
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VARIABLE TYPE/NAME LI ST ROUTINE SECTION

CKA OUTPUT AUTP2 6.F.;_ tg.D

CKAAP OUTPUT AUTP] 6.F.1 tg.D

CKAAP T INPUT/TAB AUTPI 6.F .| t9.C

CKAAY OUTPUT AUTPI 6.F .1 tg.D

CKAAYT INPUT/TAB AUTPI 6.F.I ,9.C

CKAPT INPUT/TAB AUTPI 6.F.1 tg.C

CKASPT INPUT/TAB AUTPI 6.F.1 t?.C
CKASYT I NPUT/TA_ AUTP1 6.F.I ,9.£

CKAT INPUT/TAB AUTP2 6.F .2 ,9.C

CKAYT INPUT/TAB AUTPI 6.F .| ,90C

CKDPT INPUT/TAB AUTPI b.F oI p9.C

CKDRT INPUT/TAB AUTPI 6.F.I ,9.C

CKDYT INPUT/TAB AUTP1 6.F.I ,9.C

CKF OUTPUT AUTP2 6.F .2 ,9.D

CKET INPUT/TAB AUTPZ b.F.2 ,9.C
CKLAP OUTPUT AUTP| 6.F .] ,9.0

CKLAPT INPUT/TAB AUTP] &.F .2 ,O.C

CKLAY OUTPUT AUTP'I 6. F.| ,9.D

CKLAYT INPUT/TAB AUTPI 6.F.I ,c).c

CKLVP OUTPUT AUTP| b.F .| tg.D

CKLVPT INPUT/TAB AUTPI 6.F .I t9.C
CKLVY OUTPUT AUTP1 6.F.1 ,9.D

CKLVYT INPUT/TAB AUTPI &.F.1 ,O.C
CKR OUTPUT AUTP2 6.F.2 ,9.0

CKRPT INPUT/TAB AUTP| b.F.| ,9.C

CKRRT INPUT/TAB AUTPI &.F .1 ,9.C

CKPT INPUT/TAB AUTP2 6.F .2 tg.C

CKRYT INPUT/TAB AUTP| 6.F.| ,9.C

CL OUTPUT AERO 6. A.I ,9.D

C LA OUTPUT AE RO 6. A. 1 ,9. D

CLCDMX I NPUT/CENDAT AUXFIq 6.A.]9 ,9. B

CLOA OUTPUT AERO 6.A .1 ,9.D

CLDANM INPUT/TB LMLT AERO 6.A.| ,&.C

CLDAT ; NPUT/TA B AERO 6 .A. ! tgo C

CLDE OUTPUT AERO 6. A. ! ,9. D

CLDENM I NPUT/TB LMLT AERO 6.A.1 ,6.C
C LD E T I NPUT/TAB AE RO 6. A. I ,9. C

CLOR OUTPUT AERO 6.A .| ,9.D
CLDRNM I NPUT/TB L MLT AERO 6.A.| ,6.C

C LDR T I NPUT/TA B AERO 6. A. 1 t(_. C

CLF J OUTPUT AERO b. Aol ,9oD

CLFJN INPUT/TB LMLT AERO 6.A.I tb.C

CLF JT I NPUT/TAB AE RO 6 • A. 1 t9° C

CLL OUTPUT AERO b.A °_ ,9°D

CLLB OUTPUT AERO 6. A. 1 tg° D

CLLBNM INPUT/TB LMLT AERO 6.A.I ,6.C
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VARIABLE

CLLBT

CLLDA

CLLDAN

CLLDAT

CLLDE

CLLDEN

CLLDET

CLLDR

CLLD_N

CLLDRT

CLLFJ

CLLFJN
CLLF3T

CLLO

CLLOT

CLLP

CLLPNM

CLLPT

CLLR

CLL_NM

CLLRT
CLNM

CLOT
CLT

CN

CMA

CMANM

CMAT

CMANM

CMASS

CMAT
CNDA

CMDANM

CMnAT

CMDE

CMDENM
CMDET

CNOR

CMDRNM

CMDRT

CMF3

CMFJN

CMFJT
CMO

CMOT
CMPFT

TYPE/NAME L] ST ROUTINE SECTION

INPUT/TAB AERO 6. A.I' t9. C

OUT PUT AE RO b. A. I tg,,O

INPUT/TB L MLT AERO 6.A .I t6.C

INPUTITA _B AERO 6.A.] tg.C

OUIPLFI AERO &.A .1 tg.D

INPUT/1B L MET AERO 6.A.I t6.C
I NPUT/TAB AERO &. A ° I _9,,C

OUTPUT AERO 6.A .] _9°D

INPUT/TB LMLT AERO 6.A.I t6.C

INPUT/1 AB AERO b°A.I tg.c

CUTPtlT AERO &°A .I _9.O

INPUIlTB LMLT AERO 6,A._ t6.C

INPUT/TAB AERO 6 °A° I _,9.C

OUTPUT AERO 6.A .1 t9.D

INPUT/TA_ AERO 6.A °] _9°C

_UT ptrl AERO 6 .A. I tg. D

I NPUTflB L MLT AERO 6.A.1 t6.C

INPUT/TAB AERO B.A.] vg- C

_UI PUT AERO b.A.I tg°D

INPUY/TB L MLT AERD &.A.I tb.C

INPUT/TAB AERO 6.A ._ t9°C

INPUT/TBL MtT AERO 6.C

INPUT/IAB AERO 6.A .]

INPUT/TA._ AERO 6°A 1 t9°C

_UTPUT AERO 6.A. 1 tg- D

OUTPUT AERO 6oA°I tg-D

INPUT/TB LMLT AERO 6.A.I _6.C

INPUT/TAB AERO 6 .A. I t9.C
INPUTITB L MIT AERO 6.C

INPUT/SEARCH CONVO 4°A _9. A

_]NPUT/TA_ AFRO b.A. 1 t9°C

OUTPUT AERO 6.A°| tg°D

INPUT/TB LML1 AERO 6DAD| t6°C

I NPUT/TA B AERO 6 ,,A ° | t9. C

OUTPUT AERO 6.A.| tg. D

INPUT/TB L MLT AERO 6°A.1 _6.C
INPUT/TAB AERO 6°A.I t9.C

OUTPUT AERO 6.A °1 t9°D

INPUTIIB L MLT AERO 6.A .I _6°C
INPUT/TAB AERD 6.A°] _9°C

OUTPUT AERO 6°A°l _9° D

TNPUT/TB L MLT AERO 6.A°l t6°C

INPUT/TAB AERO 6.A .l tg°C

OUTPUT AERO 6°A.I _9°0

INPUTjrIAB AERO 6.A .] tg.c

INPUT/SEARCH CONVO 4.A _9.A
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VARIAPLF TYPEINAMF LI ST ROUTINE SECTION

CMO OUTPUT AFRO 6.A.]

CHONM INPUT/TBLMLT AFRO b.A.]

CMQT INPUT/TAB AERO 6DAD]

CN OUTPUT AFRO 6.A.I

CNA OUTPUT AFRO b.A.1

CNANM INPUT/TBLMALT AFrO 6.C

CNAT INPUT/TAB AFRO &.A.]

CNDA OUTPUT AFRO 6.A°]

CNDANM INPUT/IBLMLT AERO 6.A.I

CNDAT INPUT/TAB AFRO 6DAD|

CNDF _UTPUT AFRO 6.A.]

CNDFNM INPUT/TBLMLT AFRO 6.A.]

CNDFT INPUT/TAB AEPO 6.A.I

CNDR OUTPUT AERO 6.A.1

CNDPNM INPUT/TBLMLT AE_O 6.A.]
CN_RT INPUT/TAB AFRO b°A°]

CN_J [1UTPUI AFRO 6.A.I

CNFJN INPUT/TBLMLT AFRO 6.A.]

CNFJT INPUT/TAP AERO 6.A.I
CNO _UTPUT AFRO 6.A°I

CNOT INPUT/TAB AFRO &.A.I

CONEPS(I) INPUT/SEARCH MINMYS 5.D

TFST

CONSFX(I| INPUT/SEARCH TRYIT1 5°D

CPAYR CUTPUT AERO b.A.]

CPAYPT INPUT/TAB AERO 6.A.2

CPAZR OUTPUT AFRO 6.A._
CPAZRT INPUT/TAB AFRO b.A.1

CPNXR OUTPUT AFRO 6.A.I

CPNX_T " INPUT/TAB AERO &oAoI

CPNYR OUTPUT AFRO 6.A.1
CPNYRT INPUT/TAB AERO &.A.]

CPR_S INPUT/SEARCH CONVO 4°A

CPYXR OUTPUT AFRO 6°A°|

CPYXRT INPUT/TAB AFRO 6oA.1

CPYZR OUTPUT AFRO &oA.1
CPYZRT INPUT/TAB AERO 6°A°l

CP/ITR T/IT OUTPUT ITERO 5.F

CRITR INPUT/GFNDAT READAT 3.D

,9.B

CRRNG OUTPUT AUXFM &°A.19

XRNGE|

CS OUTPUT ATMDS1 6.A._

ATMOS2

ATMOS3

CST INPUT/TAB ATMOS1 6°A°&

,O.D

,6.C

,9.C

,9.D

,9. D

,9. C

,9.D

t6.C
tO.C

,9. D

,6. C

,9.C

tg.D

,6.C

,9.C

,9. D

,6.C

tq.C

vP.D

,9.C

_9oA

,9. A

,9.D

t9.C

tP.D

_9.C

,9. D

t9°C

tP.O

,9°C

t9. A
!,9.D

_9. C

t9°D
,9.C

,5.A

,9.D

,9°D

,9. C

,b°A°B
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VARIABLE: TYPE/NAM_ tI ST ROUTIh_E SECTION

CTEMP

CTHA

CW

CWB

CWBNM

CNBT

CNDA

CWDANM

CWDAT
CWDF

CWDENM

CWDET

CWDR

CWDRNM

CWDRI

CWFJ

CWFJN

CWFJT

EWO

CWOT

CWP

CWPNM

CWPT

CWR

CWPNM

CWRT
CY

CYB
CY_NM

CYBT

CYDA

CYDANM

CYDAT
CYDE

CYDENM

CYDET

CYDR

CYDRNM

CYDRT

CYFJ

CYFJN

CYFJT

CYt't
CYOT

DADMAX
DADMX

INPUT/SEARCH CONVO 4.A ,9.A

] NPUT/SE ARCH TEST 5.D ,5.E

OUTPUT AFRO 6.A oI tgoD

OUTPUT AERO 6.A. 1 ,9.D

INPUT/IBL ML T AFRO 6.C

I NPUT/TAB AERO O°A .] ,9.C

OUTPU'T AE R [1 6. A. ]! _.9. D

I NPU]/T E_L MLI AERO 6.A°I ,6°C
INPUt/TAP AFRO 6. A. I ,9°C

OUTPUr AERO 6.A .I tQ.D

INPUT/T_L MLT AERO b.A.I ,b.C

INPUT/TA._ AFRO 6.A .I tg. C

nL_ PUT AERO &. A o1 ,9.D

I NPt_T/I_LML T AERO 6.A.1 ,6.C

OUTPUT AFRO b.A.I ,q. D

I NPI!T/TBL Mt I AFRO b.A.I ,6.C

_NaL'T/TA_ AFRO 6°A .1 _9.C

OUTPUT AERO 6.A.I ,9.D

I NPU1/IAB AFRO 6.A.I tg.c

OUTPUT AFRO 6. k,,I _9. D

I NPUI/IBL MLT AFRO 6,A.1. tb.E

I NPUT/TA P AERO 6oA. I ,9.C

OUTPUT AERO boa o1 ,9°D

It_IPU'T/T P l ML TM, AERO 6.A,| ,6.C

] NPUT/TA_ AFRO 6 °A °] tg,,C

O LDPtIT AFRO b. A °l tg. D

CUTPUT AFRf_ 6. k. ! ,9. D

] NPUT/TBLMLT AERO b.C

INPUT/TAB AERO 6.A.I ,9.C

_qLr[ PUT AERO 6.k.I ,9. D

I NPU"f/TB L MLT AERO 6oA.1 t6°C
]NPUI/'CAB AERO 6°A°| _9°C

OUTPUT AFRO 6°A°1 eg.D

INPUT/TB l MLT AFRO 6.Aol ,,6.C

INPUT/TAB AERO 6°A°! tgoC

OUTPUT AFRO 6°Ao1 ,9.D

I_PUT/TB LMLT AERO 6.A,1 t6.C
INPUT/TAB AFRO 6.A ° I ,9.C

OLFT PUT AFRO 6.,A ° I tg° D

I NPUT/TB LMLT AERO 6.A°I ,6.C

INPUT/TAB AERO 6.A .It t9.C
0 UTPLFI AERD 6. A. I ,9. D

INPUT/TAB AERO 6. A.I ,9. C

I NPUT/GENDAT AUTP2 6.F.2 tg°B

OUTPLt'F AUTP2 6.Fo2 ,9.0
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VARIABLE TYPEINAMFLI ST ROUTINE SECTION

DAMAX INPUT/GE NDAT AUTP2 6.F .2

DAMIN INPUT/CENDAT AUTP2 6.F .,2

DAX B OUTPUT AUTP ]. 6 . F . |

DAYB OUTPUT AUTP1 6.F .|

DAZB OUTPUT AUTPI b°F °]

DCDV OUTPUT AE R_lZ, 6.A.I

DCLV OUTPUT AER04 b.A.I

DECLIN OUTPUT CONIC 6.A.5

DEDMAX INPLIT/GE NDAT AUTP2 6.F .2

DEDMX OUTPUT AUTP2 b.F.2

DEJ OUTPUT DQUAT b°E,,3

DELA OUTPUT BLKDAT 6.F .2

DELAC OU'TPUT AUTP2 6.F.2

DELAD OUTPUT CONTM 6.E .|

DELADC OUTPUT AUTP2 b.F .2

DELAZ OUTPUT GGUID2 b.B.3

DELF _UTPUT BLKDAT b.F .2

OELEC OUTPUT AUTO2 6.F.2

DELECI INPUT/C-ENDAT AUTO2 6.F .2

DELED OUTPUT CONTM b.E.1

DELEDC OUIPUT AUTP2 b.F.2

DELFJ OUTPUT HINGEM 6.F .2

DELFJT INPUT/TAB HINGEM 6.F °2

DELR OU'I PtlT BLKDAT &.F .2

DELRC OUTPUT AUTP2 6.F.?

DELRD OUTPUT CONTM 6.E.I

DE LRDC OUTPUT AUTP2 6.F .2

DEMAX INPUT/GE NDAT AUTP2 6.F .2

DEMIN INPUTIGENDAT AUTO2 b.F .2

DENKT INPUT/TAB ATMOS 6.A.4

DENS OUTPUT ATMOS| 6.A.4
ATMOS 2

ATMOS 3

DENST INPUT/TAB ATMOSI 6.Ao4
DEPJ OUTPUT CONTM 6°E.I

DEPMAX( I ) I NPUT/GENDAT CONTM 6.E.I

DEPO(I) INPUTtGENDAT CONTM 6.E°I

DEPPH| I ) INPUT/SEARCH CALE 5.B

DEPTL (I ) INPUT/SEARCH CALE 5.B

DEPVALII ) INPUT/SEARCH CALE 5.B

DEPVR (I) INPUT/SEARCH CALE 5.B

DESNF INPUTI_ENDAT MOTIAL 6.A.I8

DETA INPUT/GENDAT MOTIAL 6.A.18

DEYJ OUTPUT CONTM 6.E .1

DEYMAX(I) INPUT/GENDAT CONTM 6,E°I

DEYO(I) INPUT/GENDAT CONTM 6.E.I

,9.B

,9.B

,9.D

,9.D

,9°D

,9.D

,9.D

,9.D

,9°B

,9.D

,9.D

,9. D

,9.D

,9.D

,9.0

,9.D

,9.D

,9°D

,9.B

,9.0

,9.D

,9.D

,9.C

,9.0

,O..D

,9.0

,9.D

,9.B

,9.B

,9.C

_9.D

,9.C
,9.0

tg.B

,9. B

t9°A

tg°A

t9.A

1,9°A

tg°_

,9. B

,9.D

,9.B

,9.B
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VARIABLE TYP E/NA_,_E i.]ST ROUTINE SECTICN

DFDC (I) l/;J OUTPUT ]T F_-RO 5.E

DFFR ] NPLF_/G L_N_,A.T AU'TP ] 6.F .1 ,9.B

DFFY iD._'U_/GE ND_ _; AUTP} 6.F.] tB.B

DFVALJ C_UT!_YT ,_iC;TION 6.A.7 ,9.D

DG_'NV DUTP;YT AO×FM 6.A.8 mQ=D

D I SK INF_U_-/_ ;_{_ R'!AB 6 • D ,q. B

DISP _UTPt)T AUIPI 6.F.| tB.D

DISh OUTPbT AUlPl 6.F .I tg.D

D I S Y OU_ P(_T _ _TP | 6. F. I ,9 °D

DMASS OU] FU_ FROP 6.A .24 m9.D

DPHP I NI'U3/C-E N ;_A,'r RJJ3rP l 6.F.1 ,9.B

DPHY Ih_'i_t!T/GE NT)_ ¥ _U'TP l 6.F°I ,9°B

DPRNGI OUI"_'UT _ P FC;',.IG 6.A.19 ,9.D

DPRNG2 OUYF U7 DPP_NG 6.A.19 tB.D

DPSY %NDI!'!/_E NZ'_A,_ AUTPI 6°F .l _9°B

DPIDS _/0 OUT DU_, _RYITI 5.E

DP2DS "_/C (_U,_ P U _ "CRYIT l 5,E

DRAG OUIPUT AUXFM 6.A.| tq.O

DRAGGC OU_'UT GGUID2 6.B°3 tB.D

DRAGP P OL_T P!JT GGUID2 b.B .3 ,9.D

DnDMAX l NP'j3,'_c E h_TL_'V ,_J)TP2 6.F .2 ,9.9

DRDMX {]_,UTPt_T AUTO2 6.F .2 _9.D

DRFBP ] NR_ _T/G E _'[_,,','T AFRF] 6.A.I tB.B

DREFR I _ F'_!7/CE K_[_ _ AFR_ 6.A.1 tg.B

DREFY X_!_U T/r_ F h_bA _ AERO 6.A.I _9.B

DRHIN 1M'_U T'./_;£ rC:3A] r'_',_]T -P2 6"F'2 ,9.B

DSPD OU'_ Pt ,F /,.;J) P ) 6. F o I _9° D

DSPINT _,UTPU] BLKDAT 6.F.I t?°O

DSYD OUTPUT AUTP] 6.F .1 _9°D

DSYINT OUTPUT BLKDAT 6.F.I _9.D

DT I NPUT/GENDAT CYCXMI 6.A.I5 ,9.B

DTA I NPUT/GFNDAT AUTOPM 6.F e9.B

DTG _NPUr/,r- E N!)AT GGUID 6.B tB.B

DTIMR (J ] Z t,'P;; F/GE?,'D?,; C_CT_A L 6°A.22 ,9. B

DTIMRJ H.C,L). _P, IT_ _LKDAT 6.A.22 t9.D

DU(I) T/F, OUTPUT _::_AD 5.D ,5.E

L_ITDU

DUA 0 UT C_"J'F DGAMLA 9.O

DUMAG T/O DUTPU2' UNITDU 5.D ,6. E

DVA OUTPUT DGAMLA 9.D

DVCIR OUTPUT CONIC 6.A°5 ,9.D

DVPCT I I_PUT/GE k_OA1 AL_XFM 6.A .26 ,9.B



PAGE IOoEoO.IO

IO.B. INDEX OF VARIABLFS (CONTO)

VARIABLE TYPE/NAME lI ST ROUTINE SECTION

DWA OUTPUT DGAMLA
OWNRNG OUTPUT AUXFM

XR NGE 1

DYNP OUTPUT MOT ION

E(I) T/T_ OUTPUT CALE
GRAD

ECCAN OUTPUT CONIC

ECCFN OUTPUT CONIC

EJ _UTPUT BLKDAT

END JOB INPUT/ALL READAT

ENDPHS INPUT/ALL READAT

ENDPR B INPUT/ALL READAT

ENERGY OUTPUT CONIC

ENGF ( I ) INPUT/GENDAT CONTH

ENGR_L(I._ INPUT/GENDAT PROP

EREFL I NPUT/GENDAT HINGEN

ETA INPUT/GENDAT PROP

ETAARG I NPUT/GE NDAT PROP
ETAPC (I) I NPUT/GENDAT PROP

ETAPC I HOLLER ITH PROP

ETAT I NPUT/TAB PROP

EVENT (I) I NPUT/CE NDAT READAT

FAXB OUTPUT AERO

FAYB OUTPUT AE RO

FAZB OUTPUT AERO

FESN I NPUT/GENDAT TRAJ
TRAJX

FID ( J ) I NPUT/GENDAT INFXM I

FITERR(I) INPUT/SEARCH TRYITI
TRYIT2

F L JT I NPUT/T A B MOT I ON

FRA$ST INPUT/TAB WGTINI

FREFL INPUT/C-E NDAT AUTP2

FTPNH I NPUT/$E ARCH CONVO
FTTXB OUTPUT AIRFH

FTTYB OUT PUT A I R FM

FTTZB OUTPUT AIRFM

FTXB OUTPUT PROP

FTYB OUTPUT PROP

FT Z B OUTPUT PROP

FVA L J OUTPUT B LKDAT

FXBPJT INPUT/TAB AUTP2

FYBPJT INPUT/TAB AUTP2

9oD

6.Ao19 tg°O

9.D

5.0 ,5.E

b°A.5 ,q°O

6.A.K t9oD

6oB.1 ,9.0
3°B ,3.D ,6oA.6

tgoA t9-B
3.B t3.O eb.A.6

,9. A tq°B
3°B t3°D t6oA°6

tO.A 1,0-B
6°A.5 t9oD

6oA°|8 tb°Eo| t9oB

6.A.IB !,9.B

6°F.2 vg.B

6.A.18 tg.B

6.A.18 tg.B

6°A°IB t9.B

3.C

b°A.18 tq°C
3.D t6°A°6 t9oB

6.A.I tq.o

6oA°I t9-O
6°A.| t9°D

6oA.6 t9oB

6°AolT tgoB

5.O t9°A

6.A.7 t9-C

b°A°2A t9-C

6.Fo2 _9. B

A.A eq.A

b.E .I t9- D

6oE.I t9oO

6°E .I tgoO

6eA.18 tq.D
6.A°IB ,9.D

6°A.18 t9oD
6.A.12 t9°O

6.F .2 t9oC

6.F.2 t9.C
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IO.B. INDEX OF VARIABLES (CONTD)

VARIABLF T YPEINAMELIST ROUTINE SECTION

FZBPJT INPUT/TAB AUTP2 6.F.2

GI(1) T/O CUTPLIT GRAD 5°D

GIMAG T/O OUTPUT GHAG 5.D

G2(I) T/O OUTPUT GRAD 5.D

G2MAG T/O OUTPUT GMAG 5.D

GALPHA OUTPUT GSENSR 6.P

GALTTT CUTPUT GSENSR 6.B

GAMAD OUTPUT DGAMLA 9.D

GAMAST(I_ I/O OUTPUT FGAMA _oD

TRYIT!

GAMMAA INPUTICENDAT MOTIAL 6.A.12

GAMLAM

GAMMAI INPUI/GFNOAI MOTIAL 6.A.12

AUXFM

GAMMAR INPUT/CEN_AT MOTIAL 6.A.12

AUXFM

GASM OUTPUT GSENSR 6.B

GAZVR OUTPUT GSENSR 6.B

GBANK OUTPUT GSENSR 6.B

GBFTA OUTPUT GSENSR b.B

GCLAT INPUT/GENDAT HOTIAL 6.A.I2

AUXFM

GCRAD INPUT/GENDAT MOTIAL 6.A.12

MOTION

GD_RV(J) INPUT/GF_DAT DYSII 6,A.15

GDLAT INPUT/GENDAT MOTIAL b°A°12

AUXFM

GDT OUTPUT GGUID 6.B

GENVIT INPUT/TAB AUXFM 6.A°B

GGAMAR OUTPUT GSFNSR &eB

GGCLAT OUTPUT GSENSR 6°B
GGCRAD OUTPUT GSENSR 6.B

GINT(J| INPUTIGENDAT BLKDAT 6.A.9

GINTJ HOLLERITH BLKDAT 6°A°|5

GLOD OUTPUT GSENSR 6.B

GLONG OUTPUT GSENSR 6°B

GO INPUT/GENDAT MASSP 4.A
PROP

GPASXI OUTPUT GSENSR 6°B

GPASYI OUTPUT GSENSR 6.B

GPASZI OUTPUT GSENSR 6°B

GPAXI OUTPUT GSENSR 6.B

GPAYI OUTPUT GSENSR 6.B

GPAZI OUTPUT GSENSR 6.B

GPITI OUTPUT GSENSR 6°B

GPITR OUIPUT GSENSR 6.B

_9°C

_5.E

t5. F

t5.E

v5.E

tP*D

tg.D

_5°F

t9.B

tg.B

_9.fi

t9.D

t9.D

tP.D

t9°O

tgeB

t9.B

t9°B

t9.B

t9.D

_9°C

tP.O

t9° D

t9.D

t9.B

t9.O

eg.D
t9° D

t6° A.24

t9.O

e9°D

_9°D

tP.O

t9.O

tg.D

_9.O

tg°D

t9°D

tP°D

_9.D

t9°O

t9.D

_9.D

tg.B
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IO.B. INDEX
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GPVXI

GPVYI

GPVZI

GPX!

GPYI

GPZI

GRDOT

GROLI

GROLR

GTHRST

GTIHE

GTIMEI

GTIME2

GVFLI

GVFLR

GVRIIJ)

GVRCJ

C_DOT

GWGT

GXI

GXP(I)

GXR

GYAWI
CYAWR

GYI

GYPiI)

GYR

GZI

GZPII)

GZR

HDP

HDPT

HEATK(I)

HEATRT

HHA

HMAMX

HME

HMEMX

HMFJ
HMR

HMRMX

HP

HPT

OUTPUT

OUTPUT

(OUTPUT,
OUTPUT

OUTPUT

OUTPUT

OUTPUT,
OUTPUT

OUTPUT

OUTPUT

INPUT/GENDAT

I NPUT/GE NDAT
I NPUT/GE N OA1

OUTPUT

OUTPUT

INPU_/GENDAT

OUTPUT

OUTPUT

OUTPUT
OUTPUT

INPUT/GENOAT

OUTPUT

OUTPUT
OUTPUT

OUTPUT

INPUT/GE NDA T
OUTPUT

OUTPUT

I NPUT/GENOAT

OUT PUT

OUTPUT

INPUT/TAB

INPUT/GENDAT

OUTPUT

OUTPUT

INPUT/GENOAT
OUTPUT

INPUT/GENDAT

OUTPUT

OUTPUT

INPUT/GENDAT

OUTPUT

INPUT/IAB

GSENSR 6.B

GSENSR 6.B

GSENSR b.B

GSENSR 6.B

GSENSR 6.B

GSENSR 6.B

GSENSR 6.B

GSENSR 6.B

CSENSR 6.B

GSENSR 6.B

GGUID 6.B

GGUID| 6.B .2

GGUIDI 6.B.?

GSENSR 6.B

GSENSR 6.B

GGUID b.B
OLGM

GGUID 6.B
OLGM

GSENSR 6.B
GSENSR 6°B

GRAV 9.O

MASSP 6.A.?I

GSENSR 6.B

GSENSR 6.P

GSENSR 6°B

GRAV 9°D

MASSP 6.A°21

GSENSR 6°B
GRAV 9.D

MASSP 6.A.21

GSENSR 6.B

GGUIDI 6.B.2

GGUID1 6.B.2

MOTIAL 6°A°2

AEROHI
BLKDAT 6.A°2

HINGEM 6.F.2

AUTP2 6°F.2

HINGEM 6°F.2

AUTP2 6.F.2

HINGEM 6°F.2

HINGEM 6.F.2

AUTP2 6.F.2

GGUIDI 6°B.2

GGUIDI 6.B.2

,9°D

99.D

t9.D

,9.D

,9.D

,9.O

,9.O

,9.D

,9. D

,9. D

t9°B

t9o B

,9.D

,9.0

t9°B

,9.D

,9.D

,9.D

t9.B

,9.D

,9°D

t9eD

,9°B

,9.D

,9.B

,9. D

tg.D

,9.C
,9eB

99°D

,9°D

,9. B

,9°D
,9.B

,9.O

,9.O

,9.B

,9.D

,9.C
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IO.B. INDEX OF VARIABLES |CONTD)

VARIABLE

HTUR B

HTUR B D

HYPV_ t

IACII )

IAEROM

IBJK

IDEB

IDFPVR (I _

IFDEG (I )

IFRUNF (J _'

IGF (J )

IGINIT

IG_TRT

IGUID ( I )

INC

INDVR (I )

IOFLAG

IPRO

I.__cNS

ISLECT

ISTRT

ISPV( I )

ITRANS

IWPF l I )

IXX

IXXD

IXXT

IXY

IXYD

IXYT

IXZ

IXZD

IXZT

IYY

IYYD

IYY'T

IYZ

IYZD

IYZT

IZZ

IZZD

TYPE/NAME LI ST

OUTPUT

O UT PUT

(] UT PUT

T/O OUTPUT

I NPUT/GE NDAT

OUTPUT

I NPUT/SE ARCH

I NP UTIS E A RCH

I NPUT/S E ARCH

INPUT/SE ARI_H

I NPUT/GENDAT

INPUT/GENDAT

INPUT/GFNDAT

I NPUT/GENDAT

I NPUT/GENDAT

INPUT/SEARCH

INPUT/SEARCH

INPUT/SEARCH

I NPU'I/S E ARCH

INPUT/GENDAT

I NPUT/GE NDA T

I NPUT/G E NDA T

INPUT/GENDAT

OUTPUT
OUTPUT

OUT PUT

INPUT/TAB

OUTPUT

OUTPUT

I NPUT/TA B
OUTPUT

OUTPUT

I NPUT/TA B

OUTPUT

OUTPUT

INPUT/TAB

OUTPUT

OUTPUT

INPUT/TAB
OUTPUT

OUTPUT

ROUTINE SECTION

BLKDAT 6°A.2 eg.D

AEROHI 6.A°? tg.D

CONIC 6.A.5 tg°D
UPDATS 5.E

AFRO 6°A°1__ t9°B
IBMTRX q.O

ITERO c).A

CALF 5°B tg. A

CALE 5°B

READAT 4oB tg°A

GGUID 6.B t9.P

OLGM

GGUIDI 6.B°2 tq.B

GGUIDI b°B°2 ve°B

MOTION 6.B _9. B

ORBTR 6.Ao5 t6°A.|2

CONIC tg.D

SETIV

SETIV 5.A ,9. A

CONVO 4°A tg° A

INFXM

TSPXM

MINMYS 4,.,A eg° A

GRAD 9.A

C-GUID2 6.B.3 ,9°B

GGUID2 6.B.3 ,9. B
PROP b..A°l 3 t&°A.18

GGUID2 6°B.3 tg.B

PROP 6,A.IB ,9°D

MASSP 6.E°2 tg.o

MASSP 6, E°_ eg,.,D

MASSP 6.E°2 tgoC

MASSP 6°E°2 t9oD

MASSP 6°E°2 _9°D

MASSP 6.F,,2 tg.C

MASSP 6. E°2 tg°D

MASSP 6.E.? tg.D
MASSP 6°E°2 tg°C

MASSP b.E°2 t9. D

MASSP 6.E°2 ,D9. D

MASSP 6°Eo2 _9. C

MASSP 6.E.2 ,9°O

MASSP 6°E°2 tg.o

MASSP 6°E°2 t9°C
MASSP 6.E .2 tg.D

MASSP 6.E°2 _9°D

tg°B

_9°B
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IO.P. INDEX OF VARIA[_LF_ (CONTD)

VARIAELF TYPEINAMELI ST ROUTINE SECTION

IZZT INPUT/TAB MASSP b.E .2

J2 INPUTIGENDAT MOTIAL 6.A.|O

J3 INPUTIGENDAT MOTIAL 6.A.]O

J/-. I NPUT/CENDAT MOTIAL 6.A.IO

KFDT INPUT/TAP GGUIDI 6.E_.2

KHT INPUT/TAB GGUID] 6._ ,2

KDDA INPUT/GE NOAT CONTM O.E .|

KPDE INPUTIGENDAT CONTM &.E .I

KODP( I ) INPUT/GENDAT CONTM 6.E .1

KPDR I NPUT/GENCAT CONTM 6.E.]

KRDA INPUT/GENDAT CONTM 6.F .1

KRDE INPUT/GENDAT CONTM 6._.]

KRDP(I) I NPUT/GE NDAT CONTM 6.E.I

KRDR INPUTIGENDAT CONTM 6.E.]

KRDY(I) INPUTI(ENDAT CONTM O.E.I

KYDA I NPUT/CENDAI CONTM £.E.I

KY[_E I NPUT/GENDAT CONTM 6. E. I

KYDR I NPUTIGENDAT CONTM b.E .I

KYDY INPUT/GENDAT CONTM 6.E.1

IAN I NoUTIGE NDAT ORETR 6.A.5

CONIC ,Q.D

LATRFF I NPUT/CENDAT AUXFMI 6.A.lq

XRNGE 1

LATL INPUT/GE NDAT MCTIAL bo_

LD_ LF INPUT/GENDAT AUTPI 6.F .]

LIFT OUT Pt/T AUXFM 6.A.]

LISTIN INPUT/SE ARCH INPUTX Z..A

LODI OUTPUT GGUID2 &.B.3

LgNG INPUT/GENDAT MOTIAL 6.A.12

AUXFM

L[_NG I INPUT/GENDAT MOTl' AL b.A.|2

AUXFM

LONL I NPUTI_ENDAT MOTIAL b.B

IONREF INPUT/GE NDAT AUXFMI 6.A.lq
XRNCE I

LREF INPUT/GENDAT AUXFM 6.A.I

MACH OUTPU1 MOTION 6.A.4

MACHDT Ot!T PlIT AUXFM b.A.Z,

MA_ OUTPUT BLKDAT 6.A.24

MAS_P

MAXITR INPUT/SEARCH N(]M!NL 5.D

MAXTIM INPUT/GENDAT PHZXM 6.A.6

MDI INPUTIGEN_A_ READAT 6.A.6

MEAAN (_UTPUT CliNIC 6.A.5

MCDFW I NPUT/SFARCH WUCAL 5.A

MCNF(J) INPUT/GE NDAT MOTION 6.A.7

,9.C

,9. C

,q.C

,Q.B

,9.B

,9.F

,Q.B

,9.F

)9.F,

,9.t_

,9.B

,9.._

,9.B

,9°B

,6.A.12

,(;.P

)9°B

,9.B

,'_.P

,q.O

,q.P

,9.F

,c)°$

,9.D

,9.D

)0.0

)9°A

,9.B

,O.F

)O.D

t°°A

,9. P

,9.B

,9.D

,9 .D
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INDEX OF VARIABLES (CONTD)

VARIABLE "IYPE/NAME II ST ROUTINE SECTION

MONX (I) I NPUT/GENDAT MONITR 6.A.IA v9.B

MONY(I) INPUT/GENDAT MONITR 6°A.14 ,9.B

MU I NPUT/GE NDAT GRAV 6.A.IO t9.B

MULTR F I NPUT/SEAPCH READAT 4.B tg.A

NAC TIO OUTPUT UPDATS 5.D tS.E

NAUTOP INPUT/GENOAT AUTOPM 6.A.l ,9°B

NDEPV INPUT/SEARCH CALE 5.B ,5.D
GRAD

NEOS(J) I NPUT/GE NDAT MOTION 6.A.7 e9.B

NINDV INPUT/SEARCH GRAD 5.A tS.D

NPAD(I ) INPUT/SEARCH PAD 5.A ,5.B

NPC(I ) I NPLIT/GENDAT AUXFM 6.Ao_ ,9°B

NPC (2) I NPUT/GENDAT DERIV 6oA.15 ,9.B

DYNXM

NPC(3 ) I NPUTIGENDAT MOTIAL 6°A°12 ,9. B

NPC(4) I NPUT/GENDAT MOTIAL 6.A.IL _ tg.B

NPC(5 ) INPUT/GE NDAT MOTION 6.A.4 ,O.B

ATMOS

NPC(O) INPUT/GENDAT MOTION 6.A.4 tg.B

WINDS

NPCIB ) I NPUT/GENDAT MOTION 6.A.1 pg.B
AERO

NPC(q) INPUT/GE NDAT MOTION 6.A.I8 ,9.8

PROP

NPC(1 ] ) INPUT/GE NDAT MOTION 6oA°II ,9°B

NPCII2) INPUT/GENDAT AUXFM boA.l@ tg.B

NPC(13) I NPUT/GENDAT WGTINI b.A.24 ,O.B

NPC! 14) INPUT/GE NDAT TMOTM 6.A.IO ,9. B

NPC(15) INPUT/GENDAT MOTION 6°A.2 ,9.8

AEROHI

NPC(]6| I NPUT/GENDAT MOTIAL 6.A.IO ,9°8
NPC (17) I NPUT/GENDAT WGTINI 6°A.24 tg.B

NPC(18) I NPUT/GENDAT PHZXM 6°A.b ,9,B

NPC(19) INPUT/GENDAT PRNTIC 4.A. ,9.B

NPC (20) I NPUT/GENDAT CYCXM 6.A.15 ,9. B

NPC(21) I NPUT/GENDAT PROP 6°A.IB ,9.8

NPC (22) I NPUT/GE NDAT PROP 6,A.18 ,9.8

NPC(24) INPUT/GENDAT DYSI| 6oA.15 ,9.B

NPC (25) INPUT/GENDAT MOTION 6.A.25 ,9.B
NPC (26) INPUT/GFNDAT NOTION b.A.2 ,9°B

AEROHI

NPC (27) INPUT/GENDAT PROP 6.A°18 ,9°B

NPC (30) I NPUT/GE NDAT MASSP 6.A°27 ,9°B

NSPEC (J _ I NPUT/GENDAT CALSPE 6.A°20 ,9.8

NXTRUN INPUT/SEARCH READAT 4°B ,9. A

,9.A

tg°A

,9.A
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IO.B. INDEX OF VARIABLF._ (CDNTD|

Z ---'

VARIAELE TYPEINAMELIST ROUTINE SECTION

_MEGA INPUTIGENDAT MOTIAL 6.A.IO

MOTION

AUXFM

OPT I NPLITISE ARCH CALE 5.C

OPTPH I NPUT/SE ARCH CALE 5.C

OPIVAR I_PUT/SE ARCH GALE 5.C

PACCER OUTPUT AUTPI b.F.I

PBDC OUTPUT AUTO1 6.F.I

PPDCT INPUT/TAB AUTO] 6.F.?

PC?CC INPUT/SEARCH TRYITI 5.C

PERIOD OUTPUT CONIC &.A.5

PERT(IT INPUT/SEARCH GRAD 5.A

PGCLAT INPUT/GENDAT ORBTR _.A.5

CONIC

PGERAD OUTPU] CONIC 6.A°_

PGLON OUTPUT CONIC 6.A.5

PGVFL OUTPII7 CONIC 6.A._

PG] (I ) TIP OUTPUT UPDATS 5.D

PGIMAG T/O OUTPUT UPDATS 5.F
PSTnP H_LLERITH INFXMI 6.A.Ib

P! TIO OUTPUT GRAD 5.D

PIIRY(1) TIO OUTPUT FGAMA 5.D

TRYIT]

F2 TIO OUTPUT GRAD 5.D

TRAJ
P2MIN T/O _UTPUT TEST 5.D

PZTRY ( I ) T/O OUTPUT FGAMA ¢ .P

PINC I NPUI/CENDAT INFXM 6.A .16

PITAC OUTPUT AUIPI 6.F.]

FITP, OUTPUT RLKDAT 6.E.3

DITBC OUTPUT BLKDAT b.B.I

PIleD OUTPUT BLKDAT 6.B

PITFDC OUTPUT OLGM 6.Eo]
PITBDD OUTPUT RMOTM

PITBDR OUTPUT MOTION 6.E.3

PITIER OUTPUT AUTPI 6.B.]

AUTP2 tgD
GGUIDI

OLGM

PITI INPUT/FENDAT IBMTXI 6._

BACK_I

PITID INPUTIGENDAT RMCTI 9.B

PITIDL OUTPUT GGUIDI 6._.2

PITIER [,UIPUT GGUIDI 6.P.1

OLCM

PITIGC OUTPUT GGUIDI 6.E.I

vg.B

t9.A

tgoA

,90 A

_9.D

99.D

,9.C

_9oA

tg.D

,9. A

t9.P_

,9°D

I?.D

vq.D

,5.E

,5.E

!,5.E

,5.E

,90A

tS.E

_9.E

t°oD

vg.D

vO-D

,90D

)9.D

)9.D

,9. D

_6.fl.2

vq._

tQ.D

,6.B.2

,6.B.2

vb.F.2

tg°D

,9.D
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IO.B. INDEX OF VARIABLES (CLI'tNTD)

VARIABLE TYPE/NAMELIST ROUTINE SECTION

PITINL OUTPUT GGUIDI

PITIPL OUTPUT GGUIDI

PITN OUTPUT AUTP2

PITP OUTPUT AUTP2

PITR INPUT/CENDAT IBMTXI

BACKOR

PITRD INPUT/GENDAT RMOTI

PITT INPUT/TAB OLGM

GGUIDI

PJETTS INPUT/GENDAT WGTINI

PLDRL OUTPUT AUTPI

PMPJT INPUT/TAB AUTP2

PND OUTPUT MOTION
PNPJIT INPUT/TAB AUTP2

PPPJIT INPUT/TAB AUTP2

PRATER OUTPLFI AUTP|

PRES OUTPUT ATMOSI

ATMOS2

ATMOS3

PREST INPUT/TAB ATMOSI

PRJIT INPUT/TAB AUTP2

PRNC INPUT/GENDAT INFXM

PRNTII) INPU!/GENDAT READAT

PSL INPUT/GENDAT PROP
PWDOT OUTPUT PROP

PWPROP INPUT/GENDAT BLKDAT

PYJIT INPUT/TAB AUTP2

QALPHA OUTPUT MOTION

QALTOT' OUTPUT AUXFM

QND OUTPUT MOTION
RATIO(IT T/O OUTPUT TEST

RATP OUTPUT AUTPI

RATR OUTPUT AUTP1
RATY OUTPUT AUTPI

RAZD INPUT/GENDAT GGUID2
RBDC OUTPUT AUTPI

PBDCT INPUT/TAB AUTPI

RCSFXB OUTPUT AUTP2
RCSFYB OUTPUT AUTP2

RCSFZ_ OUTPUT AUTP2

RCSMXB OUTPUT AUTP2
RCSMYB OUTPUT AUTP2

RCSMZB OUTPUT AUTP2

RDTREF OUTPUT GGUID2

6. B.2

6 .B .2

6°F .2

6.F .2

b.B

9.B

6.B

6.A.24

6.F .1

6.F.2

6.E.3

b.F.2

b.F.2

6.F .I

6.Ao4

b.A .4
6°F.2

6°A.16

6.A.16

6°A.1B

6.A.18

6°A.18

t9eD
6.F.2

6.A°I

b°A°l

6.E.3
5°E

6.F.I

6.F.1

6.F.I

6.B.3

6.F.I

6.F .1

6.F°2

6.F°2

6.F.2

6.F .2

6.F°2
6.F.2

6.B.3

,9.D

,9.D

,9°D
,9°0

,goB

,9.C

,9oB

,9°D

,9°C

,9.D

,9.C

,9.C

,9°D
,9. O

,9.C
tg.c

19.B

,9°B

,9. B

,b.A.24

,6. A.26

,9.C

,9. D

,geO

,9.0

tg-D

tg.O

,9.D

tg°B

,9oD

,9.C

,9.D

tg. D
,9. D

,9.0
,9.D

tg°D

,9°D

tg.D

tg°D
,9.B
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VARIABLF

RF

RENG I ] )

REYNO

PFFP

RFFR
RFFY

RHOSL

EK2ROL

RMPJT

PN

RND

ROLAC

ROLB

ROL_C

ROLBD

ROLBDC

ROLBDD

ROLBDR
ROLBER

ROLl

ROLID

ROLIDL
ROLIER

ROLIGC

ROLINL

ROLIPL

ROLN

ROLP
ROLR

ROLRD

ROLRER

ROLRGC

ROLT

RP

RRATER

RREFL

TYPE/NAMELIST

I NPUT/GENI_kT

I NPUT/GENDAT

OUTPUT

I NPUT/G E NDAT

I NPUT/GENOAT

I N PUT/GF NDAT

I NPUT/GE NOAT

OUTPUT

I NPUT/T A B
I NPUT/C,E NDA T

OUTPUT

C UTPUT

OUTPUT

OUTPU1

OLPr PUT

0 UT PUT

OUTPUT

OUTPUT
OUTPUT

I NPUT/GENDAT

I NPUT/GENOAT
OUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPUT

OUTPUT

O UT PUT

INPUT/GENOAT

I NPUT/GENOAT

OUTPUT

OUTPUT

I NPUT/TAB

INPUT/GENDAT
OUT PUT

I NPUT/GENDAT

ROUTINE SECTION

MOTIAL 6.A.lO 1,9. B
GR AV

PROP b.A°IB t9. B

AUXFM b.A.=* t9.D

AUTPI b°F.I t9eB

AUTP] b°F.] _9. B

AUTPI 6.F.1 tg°B
MOTIAL 6,,A.2 1,9°B
AEROHI

GGUID2 6.B°3 _9.0

AUTP2 6°F.2 19.C

AUXFM 6.A.2 !,9. B

MOTION 6°E.3 tq°D

AUTP] boF °1 tg.D

BLKDAT 6.E.3 _g.O

BLKOAT 6.B °I !,9.0

BLKOAT 6°B _9o0

OLGM 6.B.l ,(_.0

RMOTN b°E.3 pg° D

mOTION 6.E.3 tg.O

AUTP| 6°B.1 t6°B.2

AUTP2 t?O
GGUIDI

OLGM

IBNTXI 6.B 19. B
BACKOI

RMOT I 9. B

GGUID| b°B.2 t9.D

GGUIOI 6.B.] tb.B.2
OLGM

GGUIDI 6.B.l tb°B.2
OLGN

GGUIOI b.B °2 ,9.D

GGUID1 6°B.2 t9.D
AUTP2 b° F.Z tO°D

AUTP2 6.F°? tg.D

IBMTXI 6.B tg°B
BACKOR

RMOTI 9.B

AUTP2 6.F.2 _9oD

GGUIO2 6.B.3 _9.D

OLGM 6.B _9.C
GGUIDI

NOTIAL 6.A.IO _9°B

AUTP| 6.F°1 _9°D

HINGEN 6°F.2 _9.B

,b°F°2

_9.D

tgoD

t9°D

_9.0
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INDEX OF VARIABLES (CONTD)

VARIABLE TYPE/NAN ELIST ROUTINE SECTION

RRJIT INPUT/TAB AUTP2 6°F.2 t9oC
RS OUTPUT HOTION 9.O

RSO OUTPUT MOTIAL 9°D

RTASC OUTPUT CONIC 6°A°5 eg°D

RYJIT I NPUT/TAB AUTP2 6°F,2 tg°c

SEMJAX OUTPUT CONIC 6oA.5 tg°O

SLFCT OUTPUT GGUIO2 6.B°3 _9oD

SMATIIvJ" T/O OUTPUT ]TERO 5°D tSoE
UPDATS

SPECI (J) I NPUT/GENDAT CALSPE 6°A °20 t9°B
SPECIJ HOLLERITH CALSPE 3.C

SPFCVJ OUTPUT CALSPE 6°A.20 tg°D

SRCHM I NPUT/SF ARCH GRAD 5°D tgoA
TSPXM

SREF I NPUT/GENDAT AERO 6.AoI tg.B
STMINP INPUT/SEARCH TRYITI 5°D tgeA

TRYIT2

STPMAX INPUT/SEARCH TRYITI 5°D tg.A
TRYIT2

TAUINT I NPUT/GE NDAT AUTPI 6°Fo] t9°B

TAULP I NPUT/GENDAT AUTPI &°F°] t9ol_
TAULY I NPUT/GE NDAT AUTPI 6°F .1 t9°B

TDURP OUTPUT DERIV 6°A.22 t9. D
THRJ OUTPUT PROP 6°AolB tgoO

THRSJ I NPUT/GENDAT AUTP2 6.F .2 tgo B

THRUST OUTPUT PROP 6oA.IB eg°D

THTP OUTPUT HSWGT 6°A°2 tg.D

THTPL OUTPUT HSWGT 6cA °2 tg.o

TIME INPUT/GENDAT BLKDAT 6°A.22 t9.B
TIMEA OUTPUT AUTOPM 6°F tg.D

TIMEG OUTPUT GGUID 6°B _9°D
TIMES OUTPUT DERIV 6°Ao22 tgoD

TIMREF INPUT/GENDAT AUXFMI 6oA°19 t9.B

TIMRF (J) INPUT/GENOAT BLKDAT 6°A.22 t9°B

TIMRFJ OUTPUT BLKDAT 6.Ao22 wg°D

TIMSP OUTPUT CONIC 6.A°5 tg°o

TIMTP OUTPUT CONIC 6.A°5 tg°O

TISPJ I NPUT/GENDAT AUTP2 6,F°2 _9°B

TITLE (I) INPUT/GENDAT PAGER 6.A.16 t9.B
TLATCO INPUT/GENDAT GGUID2 6.B°3 tgoB

TLHEAT OUTPUT BLKDAT 6.A.2 _9°0

TLONGD I NPUT/GENDAT GGUID2 6.B.3 tg°B

TLPWT OUTPUT HSWGT 6°Ao2 t9oD

TMXB OUTPUT PROP 6.A.|B ,9.D

TMYB OUTPUT PROP 6.A°18 tg.D

TMZB OUTPUT PROP 6°A°I8 t9oD

,9 .O
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VARIABLE TYPE/NAMELIST ROUTINE SECTION

TOL INPUT/GENDAT READAT 6.A.6

TCNT OUTPUT BLKDAT 6.F.2

TONTD OUTPUT AUTO2 b°Fo2

TPITN OUTPUT BLKDAT 6°F°2

TPITND OUTPUT AUTO2 6°F .2
TPITP OUTPUT BLKDAT b.F °2

TPITPD OUTPUT AUTO2 6.F°2

TRANGE OUTPUT GGUID2 6,R°3

TR_LN OUTPUT BLKDAT 6°F°2

TROLND OUTPUT AUTP2 6°F o2

TROLP OUTPL_ BLKDAT 6°F °Z

TROLPD OUTPUT AUTP2 6°F.2
TRUAN I NPU1/GENDAT ORBTR 6.A°5

CONIC tg°D

TRUNMX OUTPUT CONIC b°A°5

TSL I NPUT/GENDAT PROP 6°A.|B

TTHXE OUTPUT AIRFM 6.F°l

TIMYB OUTPUT AIRFM 6°E °|

TTMZB OUTPUT AIRFM 6°F.I

TVAC INPUTIGENDAT PROP 6.A.]8

TVCIT INPUT/TAB PROP 6.A.18

TYAWN OUTPUT BLKDAT 6°F°2

TYAWNO OUTPUT AUTP2 6°F.2

TYAWP OUTPUT BLKDAT 6.F.?

TYAWPD OUTPUT AUTP2 6°F.2

U OUTPUT DGAMLA 9.D

U(I) INPUT/SEARCH GRAD 5°A
UPNOM

UA OUTPUT GAMLAN 9°D

UB OUTPUT MOTION @.0

UDCTR OUTPUT AUTP2 6°F.2

UMAG T/O OUTPUT WUCAL 5.D

UNX OUTPUT AUXFN 9.0

UNY OUTPUT AUXFM 9°D

UNZ OUIFPUT AUXFM 9.O

UR OUTPUT AUXFM 9.D

URX OUTPUT AUXFM 9.D

URY OUTPUT AUXFM 9.0

URZ OUTPUT AUXFM 9.0

UTX OUTPUT AUXFM 9.D

UTY OUTPUT AUXFM 9°0

UTZ OUTPUT AUXFM 9.D

UW OUTPUT WINDS 6.A.6

V OUTPUT DGAMLA 9°0

VA OUTPUT GAMLAN 9°D

VALUE INPUT/GENDAT READAT 6°A°6

tg° B

,9.D

,9.D

t9°0

,9.D

tg.D

,9. O

tg-o

,9oD

,9.D

,9.D

,9°0
,6. A. It 2

,9.D

,9. B

t9.D

,9.D

tq.D

tg° B

t9°C

,9oO

tg°D

,9. D

,9.0

,9o A

tg. D

,5°E

,9.D

t9°B

,9.B
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INDEX OF VARIABLES (CONTD)

VARIABLE TYPE/NAN ELI ST ROUTINE SECTION

RRJIT INPUT/TAB AUTP2 6•Fo2 ,9oC
RS OUTPUT MOTION 9°D

RSO OUTPUT MDTIAL 9.D

RTASC OUTPUT CONIC 6,,A.5 t9°D

RYJIT INPUT/TAB AUTP2 6.,F.2 tg°c

SEMJAX OUTPUT CONIC 6,A.5 tgeD

SLFCT OUTPUT GGUID2 6.B.3 t9°D

SMATIItJ7 T/O OUTPUT ITERO 5.0 tS°E
UPDATS

SPECI (J) INPUT/GENDAT CALSPE 6°A°20 t9°B
SPFCIJ HOLLERITH CALSPE 3.C

SPFCVJ OUTPUT CALSPE 6°Ao20 tg,,D

SRCHM I NPUT/SF ARCH GRAD 5.D _9°A
TSPXM

SREF I NPUT/GENDAT AERO 6°A°I tg.B
STMINP INPUT/SEARCH TRYIT| 5..O t9°A

TRYIT2

STPMAX INPUT/SEARCH TRYIT1 5DO Ig.A
TRYIT2

TAUINT INPUT/GENDAT AUTPI 6..F.I _9°B
TAULP I NPUT/GENDAT AUTP] 6.F.I t9.B

TAULY I NPUT/GENDAT AUTPI 6°F .1 t9°B

TDURP OUTPUT DERIV 6oA.22 t9°D
THRJ OUTPUT PROP beA.IB tg.O

THRSJ INPUT/GENDAT AUTP2 6.F .2 ,9°B

THRUST OUTPUT PROP 6°A°IB tg°D

THTP OUTPUT HSWGT 6.A.2 t9-D

THTPL OUTPUT HSWGT 6.A.2 _9. D

TIME INPUT/GE NDAT BLKDAT 6,,A.22 t9oB
TIMEA OUTPUT AUTOPN 6,,F tg.D

TIMEG OUTPUT GGUIO 6.B _,9°D
TIMES OUTPUT DERIV 6.A.22 t9°D

TIMREF INPUT/GENDAT AUXFNI beA°I9 e9°B

TIMRF (J) INPUT/GENOAT BLKDAT 6.A.22 _9°B

TIMRFJ OUTPUT BLKOAT 6,,A°22 ,9.D

TIMSP OUTPUT CONIC 6.A.5 t9°D

TIMTP OUTPUT CONIC 6 • A. 5 t9. D

TISPJ I NPUT/GENDAT AUTP2 6.F.2 _9°B

TITLE (I) INPUT/GENDAT PAGER b°A.16 t9°B
TLATCD INPUT/GENDAT GGUID2 6.B.3 ,9.B

TLHEAT OUTPUT BLKDAT 6°A.2 .9.0

TLONG D I NPUT/GENDAT GGUID2 6 • B. 3 _9° B
TLPWT OUTPUT HSWGT 6.A.2 t9°D

TMXB OUTPUT PROP 6..A°18 tqoD

TMYB OUTPUT PROP 6,A°I8 e9eD

TMZB OUTPUT PROP 6.A.I8 t9.D

,9.D
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IO.B. INDEX OF VARIABLES (CONTD)

VARIABLE TYPE/NAME LIST ROUTINE SECTION

TOL I NPUT/GENDAT READAT 6.A.6 tO.B

TCNT PUTPUT BLKDAT 6.F.2 tO.D

TONTD OUTPUT AUTP2 b.F o2 ,9°D

TPITN [1UTPUT BLKDAT 6.F °2 tO°D

7PITND OUT PU'I" AUTP2 6.Fo2 t9°O

TPITP OUTPUT BLKDAT 6.F .2 ,9°D

TPITPD OUTPUT AUTP2 6.Fo2 t9. D

TRANGF OUTPUT GGUID2 6.fl.3 _O°O
TROLN OU'TPUT BLKDAT 6.F.2 tO°O

TT_,OLN D OUTPUT AUTP2 &.F .2 egeo

TROLP OUTPUT BLKDAT 6°F,,2 t9°D

TRC_LPD OUTPUT AUTP2 6.F°2 tO.D

TRUAN I NPUT/GENDAT OR_TR 6.A°5 ,6° A.IZ
CONIC tO.D

TRUNMX OUTPUT CONIC 6,,A.5 tOeD

TSL I NPUI/GENDAT PROP b.A.I8 _9.B

TTM XP_ C_U1 PUT AIRFM 6.E.1 tO.D

TTMYB OUTPUT AIRFM 6.E.I tO.D

TTMZB OUTPUT AIRFM 6.E°1 tO.D

TVAC I NPUT/GE NDAT PROP b.A.I8 tg.B

TVC IT I NPUT/TAB PROP 6 .A °| B tO,,,C

]YAWN OUTPUT BLKDAT b.F °2 t9°D

TYAWNO OUTPUT AUTP2 6°F °2 tg.D

TYAWP OUTPUT BLKDAT 6.F°2 vO.D

TYAWPD OUTPUT AUTP2 6°F°_ rOoD

U OUTPUT DGAMLA 9.D

U( I ) INPUT/SEARCH GRAD 5°A tO.A
UPNOM

UA OUTPUT GAMLAN q.O

UB OUTPUT MOTION 9.D

UDCTR OUTPUT AUTPZ 6°FoZ tO°D

UMAG T/O OUTPUT WUCAL 5°D tS-E

UNX OUTPUT AUXFN 9°D

UNY OUTPUT AUXFM 9.,0

UNZ OUTPUT AUXFM 9.D

UR OUTPUT AUXFM 9.D

URX OUTPUT AUXFM 9.D

URY OUTPUT AUXFM 9°D

URZ OUTPUT AUXFM 9°O
UTX OUTPUT AUXFM 9.D

UTY OUTPUT AUXFM 9.0

UTZ OUTPUT AUXFM 9°D

UW OUTPUT WINDS b.A.4 _9.D

V OUTPUT DGAMLA 9°D

VA OUTPUT GAMLAM 9°D
VALUE I NPUT/GENDAT READAT 6.A.b t9.B

_9.B
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10.B.0.2!

VAP TABLE TYPE/NAMELIST ROUTINE SECTION

VAXI OUTPUT MOTION O.D

VAYI OUTPUT MOTION O.D

VAZ I OUTPUT MOTION 9.D

V_ _UTPUT MOT ION 9. D

VELA INPUT/GENDAT MOTION 6.A.]2 _9.P

VELAD _UTPUT DGAMLA Q.D

VELI ] NPLIT/GFNDAT MOTIAL 6.A.|2 ,9. B

AUXFM

VELR I NPUTIGE NDAT MOTIAL 6.A°12 tg.B

AUXFM

VINFI I NPUT/GENDAT AER04 O.A.I tg.B

VMU OUTPUT AUXFM 6.A.4 tg.D

VR OUTPUT AUXFM O.D

VRXI OUTPUT MOTION O.D

VRYI OUTPUT MOTION 9.D

VRZI OUTPUT MOTION 9°D

VW CtrlPLrr WINDS 6°A.4 ,9.D

VWT INPUT/TAB WINDS 6.A.4 ,9. C

VWUT INPUT/IAB WINDS 6.A.4 ,9. C

VWVT INPUT/TAB WINDS O.A.4 ,9.C

VWWT INPUT/TAB WINDS 6.A.4 t9.C

VXI OUTPUT BLKDAT 9.D

VXI (J) I NPUTICENDAT MOTIAL 6.A .12 ,9°B

VYI OUTPUT BLKDAT O.D

VZI OUTPUT BLKDAT 9,,D
W OUTPUT DGAML.A 9.D

WA OUTPUT GAMLAM 9,,,D

WB OUTPUT MOTION 9°D

WCON INPUT/SEARCH GRAD 5.D t_.A

WDIT INPUT/TAB PROP 6. A°I8 tg.C

WDJ OUTPUT PROP 6.A.18 t6. A.2A
WDOT OUTPUT PROP 6.A°IB _6.A°24

MASSP

WDOTJ OUIPUT AUTP2 6,..F .2 tg.D

W_(I) T/O OUTPUT ITERO 5.D tS.F

WFICON OUTPUT PROP 6.A.IB ,6. A.24

WEIGHT OUTPUT MASSP 6,,A.24 tg.D

WGTDJT INPUT/TAB MASSP b.A.27 tg.c
WGTJT INPUT/TAB MASSP 6.A.2T ,9.C

WGTSG INPLFI/GE NDAT WGTINI 6°A.24 ,9.B

WJETT INPUI/GENDAT WGTINI 6.A.24 ,?.B

WJETTM OUTPUT WGTINI 6.A.24 ,9.0

WOPT INPUT/SEARCH CALF 5°C ,9. A

WPCONJ OUTPUT BLKDAT 6°F .2 tg°D

WPLD I NPUT/GENDAT WGTINI 6.A°24 ,9. B

WPROP OUTPUT PROP 6°A°24 ,9°O

,9.D

,9.D

,9°D

lg.D

I9.D

t?oD
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lO.B. INDEX OF VARIABLFS (CONTD)

VARIABLE TYPE/NAME LI ST ROUTINE SECTION

WPROPI INPUT/GENDAT

WR OUTPUT

WVU(]) INPUT/SEARCH

WUII) T/O CMJTPUT

WW OUTF :1

XCC CUTFI_

XCGT INPUT/TAB

XI OUTPUT

XI(J) INPUI/GENDAT

XMAXJ OUTPUT

XWINJ OUTPUT

XR _UTPUI

XRFF OUTPUT

XREFT INPUT/TAB

YACCFR OUTPUT

YAWAC OUTPUT

YAW_ OtlTPt_

YAWBC _UIPUI

YAWBD OUTPUT

YAW_DC CUTPUT

YAWBDO OUTPUT

YAW_DR OUTPUI

YAWBER OUlpt!T

YAWl INPUT/GENDAT

YAW ID I NP UT/G E NDAT

YAWIDL ' OUTPUT

YAWIER OUTPUT

YAWIGC OUTPUT
YAWINL OUTPUT

YAWIPL OUTPUT

YAWN OUTPUT

YAWP OUTPUT

YAWPK(I| INPUT/GENDAT

YAWR INPUT/GENDAT

YAWRD INPUT/GENDAT
YAWT INPUT/TAB

YBDC OUTPUT

YBDCT INPUT/TAB

YCG OUTPUT

WGTINI 6.A.24

AUXFM Q.D

WIJC At 5.A

WUCAL 9.A

WINDS 6.A.4

MASSP 6.E.2

MASSP 6.E._

BLKDAI 9.D

MOTIAL 6.A.I2

MONITR 6.A.7

MONITR 6.A.?

AUXFM 9.D
MASSP 6.A.I

MASSP b.A.]

AUTP] 6.F.1
AUTPI 6.F.1

BLKDAT 6.E.3

BLKDAT 6,F.|

BLKDAT 6.B

OLGM 6o8.1

RMOTM

MOTION b.E.)

AUTPl 6.B.I

AUTP2 t9D

GGUIDI

OLGM

IBMIXI 6.B

BACKOI

RMOTI 9.B

GGUID] 6.B.2

GGUIDI 6.B.t

OLGM

GGUIDI 6.8.]

GGUIDI 6.8.2

GGUIDI B.B.2

AUTP2 6.F.?

AUTP2 6.F.2

GGUIDI 6.B.2

IBMTXI b.B

BACKOR

RMOTI 9.B
OLGM 6.8

GGUID1

AUTPI b.F.1

AUTP| 6°F.I

MASSP 6.E.2

,9.8

,9°A

,9.D

,9. O

,9.C

,9.B

,9. D

,9. D

,9. P

,9.C

,9.D

,9.P

,9.D

,9.D

,9. D

,9. D

,9.O

,9. D

,6.8.2

,9. D
,6.B.2

tb°B.2

,9.O

tg.D

,geD

,9.D

,9°B

,9°B

,9.C

,9°D

,9°C

tg.D

t6.F°2

,9.D

,9.D

,9.D
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VARIABLE. TYPE/NAMELIST ROUTINE. SECTION

YCGT ] NPUT/TAI_ MASSP hoE..,2

YI PLtTPUT BLKDAT 9°D

YLDRL OUTPUT AUTP1 b°F.]
YMPJT I NPUT/TAB AUTP2 6°F.2

YP_ED (I } T/O OUTPUT ITERO 5°E
TPYIT I

TRYIT2

YR 0 UT PUT AU X FM 9. D

YRATER OUTPUT AUTPI 6.F°]

YREF CUTPUT MASSP 6.A.1

YREFT INPUT/TAP MASSP 6°A,]

YRJIT INPUT/IAP AUTP2 6.F .,2

YXMNJ OLq PtFI MONITR &.A.7

YXMXJ C.UTPLIT MON ITP 6.A.7

YYJIT INPUT/TAB AUTP2 b.F.?

ZCG OUTPUT MASSP 6.E. .2

ZCGT INPUT/TAB MASSP 6.E .2

ZI OUTPUT BLKDAT q .D

ZLALPT INPUT/TAB AE.R04 6.A.I

ZR OUTPUT AUXFM q°D

ZRFF OUTPUT MASSP 6.A.1

ZREFT I NPUT/TAB MASSP 6.A.I

MARTIN MARIE.TTA CORPORATION

DENVFR, COLORADO
NnVEMBER ISt ]976

_9°C

tgoD
,9.C

tg. D

,9.D

tg.C

,9.C

,q,,O

tq.O

!,9.C

_9°D

,9.C

tg.C

tg.D

tg-C




